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This  forum was h e l d  t o  s o l i c i t  i n d u s t r y  and academic op in ion  on t h e  p l a n s  t h a t  
NASA i s  f o r m u l a t i n g  t o  manage t h e  development,  a c q u i s i t i o n ,  o p e r a t i o n ,  and mainte- 
nance of soEtware i n  suppor t  of t h e  Space S t a t i o n  Program. 
A NASA workshop, h e l d  i n  August 1984, i d e n t i f i e d  major s o f t w a r e  i s s u e s  t h a t  
should  be addressed  e a r l y  i n  t h e  Space S t s t i o n  d e f i n i t i o n  phase.  These a r e  docu- 
mented i n  NASA CP-2361 (1985), and formed t h e  b a s i s  f o r  d i s c u s s i o n s  a t  t h i s  
forum. 
Four major t o p i c s  were s e l e c t e d  f o r  emphasis d u r i n g  t h e  d i s c u s s i o n s  and e x p e r t s  
i n  t h e s e  a r e a s  were i n v i t e d  t o  speak and t o  s e r v e  on t h e  p a n e l s  which met i n  c l o s e d  
s e s s i o n s  t o  i d e n t i f y  impor tan t  i s s u e s  and i n  open s e s s i o n s  t o  a i r  t h e i r  views and t o  
s o l i c i t  audience comments. 
As a r e s u l t  of t h e  two days of d i s c u s s i o n ,  s e v e r a l  recommendations were formu- 
l a t e d  and a r e  p r e s e n t e d  h e r e i n .  These recommendations a r e  addressed  t o  t h e  Space 
S t a t i o n  Program O f f i c e  and a r e  in tended  t o  h e l p  i n  t h e  policy-making and management 
of Space S t a t i o n  Program s o f t w a r e .  
T h i s  p u b l i c a t i o n  p r e s e n t s  t h e  recommendations made by t h e  forum p a r t i c i p a n t s  and 
does no t  r e p r e s e n t  any o f f i c i a l  NASA p o s i t i o n .  These recommendations a r e  being con- 
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EXECUTIVE S-Y 
The Open Forum on Space Station Software Issues, held at Marshall Space Flight 
Center on April 24-25, 1985, was sponsored by the Space Station Program Office and 
organized by the Space Station Software Working Group. Participation was limited to 
those willing to submit position statements and each invitation included a copy of 
"Space Station Software Issues" (NASA CP-2361, 1985). About 225 participants from 
industry, government, universities, and a few foreign space agencies attended. 
Four panels, consisting of invited experts and a few NASA representatives, focused 
on the following topics: (1) software management, (2) software development environ- 
ment, (3) languages, and (4) software standards. 
The forum began with an overview of the Space Station program and some major 
software issues to be addressed. Then four invited experts spoke on the panel 
topics, critiquing the strategies outlined in the proceedings of the previous NASA 
workshop (NASA CP-2361). These talks provided the starting point for the panel 
discussions which followed. 
Each panel deliberated in private and also held two open sessions with audience 
participation. Major recommendations to the NASA Space Station Program developed by 
these panels are summarized below. 
1. The software management plan should establish policies for software acqui- 
sition (treating internal development as if it were external acquisition) 
and should clearly address responsibilities and decision points. Software 
should be treated as part of the overall system engineering and integration 
effort. 
2. NASA should furnish a uniform, modular software support environment (with 
a layered architecture) and require its use for all Space Station software 
acquired (or developed). This environment should be incrementally devel- 
oped, have a virtual operating system, and support portable software 
packages. 
3.  The language Ada should be selected now as the primary source language for 
Space Station software, and NASA should begin to address issues related to 
the effective use of Ada, such as education, a transition strategy, run-time 
support, and accommodating the use of existing software. Languages for spe- 
cial applications such as requirements analysis and user interface should be 
selected soon after the requirements become more clear. 
4. The Space Station Program should endorse and support software standards 
through policy and implementing organizations. Selected standards should be 
tailored for Space Station, based upon existing NASA, DoD, IEEE, and ANSI 
standards. 
Some common themes were expressed by the panels and many audience participants: 
Do not reinvent the wheel (learn from past experience), obtain "real" requirements 
for software support, identify and manage interfaces early, focus on maintenance as a 
primary requirement, include software as an integral part of the system level strat- 
egy, and define terminology ("buzz words"). 
1 
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INTRODUCTION 
This  r e p o r t  summarizes t h e  r e s u l t s  of t h e  Open Forum on Space S t a t i o n  Sof tware  
I s s u e s ,  he1.d a t  t h e  NASA Marsha l l  Space F l i g h t  Cen te r  on A p r i l  24-25, 1985. Th is  
forum was sponsored by t h e  Space S t a t i o n  Program and organ ized  by t h e  Space S t a t i o n  
Sof tware  Working Group (SWWG). An e a r l i e r  workshop on Space S t a t i o n  Software I s s u e s  
had been h e l d  f o r  NASA s o f t w a r e  s p e c i a l i s t s  i n  August 1984 (documented i n  r e f .  1). 
T h i s  f o r u m  was o rgan ized  as a follow-up t o  t h a t  workshop t o  s o l i c i t  comments from 
i n d u s t r y  and academic r e p r e s e n t a t i v e s  on t h e  NASA p e r s p e c t i v e  on s o f t w a r e  p o l i c i e s  
and s t r a t e g i e s  f o r  t h e  Space S t a t i o n  Program. 
The o b j e c t i v e s  of t h e  forum were t o  d e f i n e  and rev iew major  Space S t a t i o n  
s o f t w a r e  i s s u e s  t h a t  should  be of concern t o  NASA, and p ropose  p o l i c i e s ,  proce- ce- 
d u r e s ,  and a c t i o n s  t h a t  should  be t a k e n  by NASA t o  e f f e c t i v e l y  a d d r e s s  t h e s e  i s s u e s .  
The Sof tware  Working Group has  grown from a n  ad hoc group i n  1983 t o  an  i n t e r -  
c e n t e r  NASA committee of over  30 members, w i t h  a common concern t h a t  s o f t w a r e  i s s u e s  
be addressed  e a r l y  i n  t h e  Space S t a t i o n  Program d e f i n i t i o n  and development. The 
, workshop h e l d  f o r  t h e  SWWG members i n  August 1984 i d e n t i f i e d  over  20 s o f t w a r e  i s s u e s  
and made recommendat i o n s  f o r  each.  S ince  t h a t  t i m e ,  s e v e r a l  developments have 
occur red :  
1. I d e n t i f i c a t i o n  of Sof tware  Managers i n  t h e  Space S t a t i o n  Program at Leve l s  A 
anlit B,  namely Dana H a l l  and M. Dane Dixon. 
2.  Dr .af t ing of t h e  top-most s o f t w a r e  management p lan .  
3 ,  Estab l i shment  of Space S t a t i o n  In format ion  Systems Pane l  r e s p o n s i b l e  f o r  a l l  
s o f t w a r e  sys tems.  
4 .  D r a f t i n g  of Space S t a t i o n  Sof tware  Lexicon. 
5. P lans  made f o r  s o f t w a r e  development environment and Space S t a t i o n  language 
e v a l u a t i o n .  
The forum was o rgan ized  t o  p r e s e n t  t h e  NASA p e r s p e c t i v e  on t h e  r o l e  of s o f t w a r e  
i n  Space S t a t i o n  ( g i v e n  by Dana H a l l )  as w e l l  as f o u r  e x p e r t  views on t h e  NASA pro- 
posed approach t o  s o f t w a r e  management, s o f t w a r e  development environment,  l anguages ,  
and s o f t w a r e  s t a n d a r d s .  Following t h e  e x p e r t  p r e s e n t a t i o n s ,  f o u r  p a n e l s  met t o  
d e l i b e r a t e  on t h e s e  t o p i c s  and t o  ho ld  open s e s s i o n s  i n v i t i n g  comments from t h e  
audience.  Each p a n e l  met once i n  c l o s e d  s e s s i o n  and t w i c e  w i t h  members of t h e  forum 
audience.  ' k e y  t h e n  p r e s e n t e d  t h e i r  t e n t a t i v e  recommendations a t  t h e  f i n a l  forum 
s e s s i o n .  A f t e r  t h e  meet ing,  t h e  pane l  members r e f i n e d  t h e i r  s t a t e m e n t  of i s s u e s  and 
recommendat-ions and t h e s e  a r e  p resen ted  i n  t h i s  document. 
Note t h a t  t h e  recommendations p r e s e n t e d  h e r e i n  have no t  been endorsed by t h e  
NASA Space S t a t i o n  Program; however, t h e y  a r e  r e c e i v i n g  c a r e f u l  c o n s i d e r a t i o n  by NASA 
o f f i c i a l s  at: t h e  t ime of p u b l i c a t i o n  of t h i s  r e p o r t .  
1 
CE STATION - THE ROLE OF SOFTWARE 
N86-23315 . 
Dana Hal l*  
NASA O f f i c e  of Space S t a t i o n  
Washington, DC 
ABSTRACT 
Software w i l l  p l a y  a  c r i t i c a l  r o l e  throughout  t h e  Space S t a t i o n  Program, Th is  
ment, languages ,  and s t a n d a r d s .  a t i o n  a t t empted  t o  h i g h l i g h t  
NASA's c u r r e n t  t h i n k i n g  and t o  ra e  of t h e  r e l e v a n t  c r i t i c a l  i s s u e s .  
* D r .  Dana H a l l  i s  t h e  Level  A Space S t a t i o n  s o f t w a r e  manager and i s  r e s p o n s i b l e  f o r  
o v e r s i g h t  of t h e  p lann ing ,  implementat ion,  n  of a l l  Space S t a t i o n  
Program sof tware .  P r i o r  t o  j o i n i n g  t h e q P r o ~ r ~ m  r 1984, D r .  H a l l  s e r v e d  a s  
a d a t a  system and sof tware  a d v i s o r  w i t h i n  NASA' f  t h e  Chief Engineer ,  H i s  
p r i o r  e x p e r i e n c e  is  w i t h  MITRE and TRW where he has  worked w i t h  p r o j e c t s  r ang ing  
from a i r l i n e  o p e r a t i o n s  models t o  m i s s i l e  t r a j e c t o r y  s i m u l a t i o n s .  D r .  H a l l  has a l s o  
been invo lved  w i t h  NASA d a t a  sys tem advanced development and i n  t h e  ground system 
d e s i g n  of s e v e r a l  NASA s p a c e f l i g h t  programs. 
FI 
NEXT LOGICAL STEP 
Given t h e  advent  of an  o p e r a t i o n a l  space  t r a n s p o r t a t i o n  sys tem,  t h e  Space 
S h u t t l e ,  t h e  development of a space  s t a t i o n  i s  t h e  nex t  l o g i c a l  s t e p  i n  mankind's  
e x p l o r a t i o n  of t h e  su r rounding  u n i v e r s e .  
ORIGINAL PAGE W 
STATE OF U N I O N  
The Space S t a t i o n  Program t r a c e s  i t s  o f f i c i a l  beginning t o  t h e  January  1984 
S t a t e  of t h e  Union message by P r e s i d e n t  Reagan i n  which he d i r e c t e d  t h a t  NASA proceed 
t o  develop a "permanently manned space  s t a t i o n  and do it w i t h i n  a decade." This 
o f f i c i a l  s t a r t  b u i l d s  upon many y e a r s  of p r i o r  a n a l y s e s  and  consideration.^ t h a t  
t o g e t h e r  l a i d  t h e  b a s i c  g u i d e l i n e s  t h a t  now comprise t h e  Space S t a t i o n  Program, 
"Our Second American Revolution wij! push 
on to new possibilities not only on Earth bud 
in the next frontier of space. Desplite budget 
restraints, we will seek record funding !or 
research and de velopmen t. 
We have seen the success of the space 
shuttle. Now we are going to develop a 
permanently manned space sfaljorr and new 
opportunities for free enterprise L~ecause in 
the next decade, Americans and clur frjernds 
around the world will be living and workjng 
together in space. " 
I 
February 6, 1985 
"We can follow our dreams to distant stars, 
living and working in space for peaceful, 
economic and scientific gain. Tonight, I am 
directing NASA to develop a permanently 
manned space station and to do it wilhin a 
decade. 
A space station will permit quantum leaps 
in our research in science, communications 
and in metals and life-saving medicines 
which can be manufactured . . . in space. " 
January 25, 1984 
MILESTONES 
A t  the t i m e  of t h i s  forum, t h e  program had j u s t  completed t h e  compet i t ion  f o r  
t h e  d e f i n i t i o n  and p r e l i m i n a r y  d e s i g n  of t h e  Space S t a t i o n  e lements .  Th i s  competi- 
t i o n  r e s u l t e d  i n  t h e  award of e i g h t  major c o n t r a c t s  d i s t r i b u t e d  a c r o s s  f o u r  pr imary 
work packages. As shown on t h i s  s c h e d u l e ,  it is planned t h a t  a c t u a l  development 
( i . e , ,  Phase C/D) w i l l  beg in  i n  1987. I n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  i s  f o r e c a s t  f o r  
t h e  1993-94 t ime frame. 
PRESIDENTIAL DlRECTlVE TO NASA 
NASA PROGRAM CONCEPT (RFP) 
DEFINITION 8 PRELIMINARY DESIGN COMPETITION 
DEFINITION b DESIGN 
DEVELOPMENT 
FLIGHT HARDWARE DELIVERIES v,,, 
LAUNCHES 
ASSEMBLY CHECKOUT 
OPERATIONAL PHASE, BLOCK 1 
SPACE STATION DESIGN 
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OF POOR QUALlTV 
The a c t u a l  design of t he  Space S t a t i o n  i s  not  known a t  p r e sen t  s i nce  t h e  program 
i s  s t i l l  i n  t h e  requirements and d e f i n i t i o n  p a r t  of i t s  l i f e  cyc le .  However, NASA 
had adopted a  r e f e r ence  con f igu ra t i on ,  a s  shown i n  t h i s  a r t i s t ' s  concept.  
REFERENCE CONFIGURATION 
Ihs sholm, t h e  r e f e r e n c e  c o n f i g u r a t i o n  is  an  e l o n g a t e d  t r u s s - l i k e  s t r u c t u r e  
approximately  400 f e e t  long  and 200 f e e t  wide. It w i l l  be main ta ined  i n  a  250 n.mi. 
c i r c u l a r  o r b i t  i n c l i n e d  a t  28.5 degrees  t o  t h e  e q u a t o r .  The s t a t i o n  w i l l  be o r i e n t e d  
i n  a  g r a v i t y  g r a d i e n t  a t t i t u d e  w i t h  E a r t h  s e n s i n g  payloads  and t h e  v a r i o u s  modules 
l o c a t e d  on the  end c l o s e s t  t o  t h e  Ear th .  The p r e s e n t  concept i s  t h a t  t h e  s t a t i o n  
w i l l  be powered by s o l a r  a r r a y s .  Also shown a r e  two o r b i t a l  maneuvering v e h i c l e s .  
These OWs isill be unmanned, remotely  c o n t r o l l e d  s p a c e c r a f t  des igned  t o  f e r r y  pay- 
l o a d s  and equipment i n  nearby ranges .  One such  d e s t i n a t i o n  might be a  co-orb i t ing  
unmanned p l a t f o r m ,  a s  shown on t h e  s k e t c h .  
SPACE STATION COMPLEX 
The Space S t a t i o n  Complex c o n s i s t s  of t h r e e  major e lements .  Two of t h o s e  
e lements  a r e  t h e  Space S t a t i o n  Main Base, d i s c u s s e d  i n t h e  p r e v i o u s  f igmce,  and, in 
t h a t  same 28.5 degree  o r b i t ,  an unmanned p l a t f o r m ,  The t h i r d  major element of t h e  
Space S t a t i o n  Complex i s  an  unmanned P o l a r  P la t fo rm,  The P o l a r  P l a t f o r m  w i l l  be the 
l o c a t i o n  f o r  most E a r t h  s e n s i n g  i n s t r u m e n t s  s i n c e  t h a t  p l a t f o r m  w i l l  su rvey  a l l  of 
t h e  E a r t h ' s  s u r f a c e  on a  f r e q u e n t  b a s i s .  The f i g u r e  a l s o  shows one of t h e  o r b i t a l  
maneuvering v e h i c l e s  t r a v e l i n g  between t h e  Space S t a t i o n  Main Base and t h e  
Co-Orbiting P la t fo rm.  
SPACE STATION 
The Space S t a t i o n  w i l l  s e r v e  as a means f o r  f u r t h e r i n g  our  s c i e n t i f i c  r e s e a r c h  
i n  space  and w i l l  have a number of a d d i t i o n a l  impor tan t  f u n c t i o n s .  One w i l l  be a s  a 
s a t e l l i t e  o r  i n s t r u m e n t  r e p a i r  f a c i l i t y ,  a  c a p a b i l i t y  t h a t  h a s  been demonstra ted 
u s i n g  t h e  S h u t t l e  Program. Space S t a t i o n  w i l l  a l s o  s e r v e  as a base  t o  assemble  l a r g e  
s t r u c t u r e s ,  It w i l l  be a  f a c i l i t y  t o  suppor t  t h e  commerc ia l i za t ion  of space and a 
t r a n s p o r t a t i o n  s t a g i n g  b a s e  f o r  m i s s i o n s  t o  t h e  Moon and beyond. O v e r a l l ,  t h e  Space 
S t a t i o n  will. be a v i s i b l e  symbol of U. S. s t r e n g t h .  
SPACE STATION PLANNING GUIDELINES 
A number of management and engineering gu ide l ines  have been e s t a b l i s h e d  f o r  t h e  
Space S t a t i o n  Program. The management gu ide l ines  inc lude  provis ions  f o r  an i n i t i a l  
ope ra t iona l  c a p a b i l i t y  s t a t i o n  wi th in  a  decade. The program has very ext:ensive u s e r  
involvement both from our t r a d i t i o n a l  communities of t he  s c i e n t i f i c  and a p p l i c a t i o n  
a reas  a s  wel l  a s  from technology and from the  commercial s e c t o r .  On t h e  t e c h n i c a l  
s i d e ,  t he  s t a t i o n  must be evolu t ionary  i n  na tu re  and technology t r anspa ren t .  We a r c  
looking a t  a  Space S t a t i o n  Program with a  l i f e t i m e  of something l i k e  25 t o  30 years  
and thus  must be ab l e  t o  change our technology without  impacting the  use r s .  The 
s t a t i o n  elements w i l l  be serv iced  by the  Shu t t l e .  The Space S t a t i o n  Main Base w i l l  
be cont inuously hab i t ab l e .  
MANAGEMENT RELATED ENGINEERING RELATED 
@ Three year detailed definition 
(5-1 0Q/@ of program cost) 
@ NASA-wide participation 
@ Development funding in FV 1987 
106: "within a decade" 
@ Cost of initial capability: $8.018 
@ Extensive user involvement 
- Science and applications 
- Technology 
- Commercial 
@ International participation 
@ Continuously habitable 
r Shuttle dependent 
o Manned and unmanned elements 
Evolutionary 
MaintainableIrestorabIe 
@ Operationally semi-autonomous 
@ Customer friendly 
Technology transparent 
INTERNATIONAL COOPERATION 
President Reagan as part of the Space Station initiation invited international 
participation. We are pleased to welcome the European Space Agency, Canada, and 
Japan t o  our team. The Memoranda of Understanding between ourselves and those 
participants are soon to be signed. 
@ PRESIDENT REAGAN INVITED INTERNATIONAL 
PARTICIPATION 
ESA, CANADA AND JAPAN HAVE RESPONDED: 
-- SOON TO SIGH MOUS ON PHASE B 
COOPERATION 





U.S. AND FOREIGN INDUSTRIES MAY COOPERATE TOO 
PROGRAM SUCCESS 
Software k i l l  p lay  a very c r i t i c a l  r o l e  throughout t h e  Space S t a t i o n  Program. 
This  f i g u r e  i l l u s t r a t e s  j u s t  a few of those major ca t ego r i e s .  They tange from rest 
and checkout t o  u se r  i n t e r f a c e  suppor t ,  payload processing,  conlmand and c o n t r o l ,  and 
of course management of t h e  program i t s e l f .  
TEST AND CHECKOUT 
USER INTERFACE SIMULATION AND M~DELING 
OPERATIONS PLANNING 
\ 
SOFTWARE COMMAND AND C O N ~ R O L  
PROGRAM MANAGEMENT 
/ \ USER PAYLOAD 
DATA PROCESSING 
REAL TIME FLIGHT 
NASA SOFTWARE TRENDS 
This  f i g u r e  t r i e s  t o  show i n  an  u n q u a n t i f i e d  manner t h e  s i g n i f i c a n t  i n c r e a s e  i n  
s o f t w a r e  t h a t  w e  b e l i e v e  we w i l l  be working w i t h  i n  t h e  Space S t a t i o n  Program com- 
pared t o  t h e  amount t h a t  we developed f o r  Apollo and S h u t t l e .  It a l s o  shows t h a t  t h e  
Space S t a t i o n  e f f o r t  w i l l  be b u i l t  w i t h  s u b s t a n t i a l l y  l e s s  d o l l a r s  t h a n  were a v a i l -  
able on t h o s e  p a s t  major programs. So t h e  primary messages from t h i s  and t h e  
p r e v i o u s  f i g u r e  a r e  t h a t  NASA must maximize t h e  e f f i c i e n c y  w i t h  which i t  u s e s  i t s  
sof tware  r e s o u r c e s .  We must l e a r n  as much as we can from p a s t  l e s s o n s ,  be c a r e f u l  
no t  t o  r e p e a t  m i s t a k e s ,  and use  methodologies  t h a t  worked w e l l  be fore .  
QUANTITY 
APOLLO SHUTTLE SPACE 
STAT! O N 
FUNDAMENTAL REQUIREMENTS 
This f i g u r e  l is ts  a few of t h e  major requirements t h a t  a r e  sof tware d r i v e r s .  We 
recognize t h a t  we w i l l  be working with a h ighly  d i s t r i b u t e d  a r c h i t e c t u r e  and t h a t  
networking w i l l  be preva len t  throughout t h a t  a r c h i t e c t u r e  i n  t h e  form of l o c a l  a r e a  
networks as we l l  a s  wide a r e a  networks. As we s a i d  e a r l i e r ,  t h e  s t a t i o n  technology 
on-board and on the  ground must be o r i en t ed  f o r  growth and evolu t ion .  Our u s e r s  w i l l  
be working from te rmina ls  v i a  a space s t a t i o n  information system t h a t  we p lan  w i l l  
enable  those use r s  t o  ope ra t e  j u s t  a s  i f  t h e i r  instruments  were i n  t he  l abo ra to ry  
next  door. The Space S t a t i o n  w i l l  a t  l e a s t  i n i t i a l l y  have a crew of somewhere be- 
tween s i x  t o  e i g h t  and t h e r e f o r e  automation w i l l  be important .  Many of t h e  func t ions  
on-board t h e  s t a t i o n  must perform i n  an autonomous manner and s i n c e  we a r e  looking a t  
a long term program, we must t r y  t o  automate a s  much of t h e  ground system as we can 
t o  minimize opera t ing  c o s t s .  Of course,  t h e  o v e r a l l  d r i v i n g  requirement is  t h a t  t h e  
e n t i r e  system be use r  f r i e n d l y  both f o r  NASA ope ra to r s  running t h e  s t a t i o n  and f o r  
our  customers. 
GROWTH, EVOLUTION, TECHNOLOGY TRANSPARENCY 
e- -- -. .- *
: TERMINAL-ORIENTED USER INTERFACES %- 
- 
- 
.sr 5" ,-- 
A- 3' 
AUTONOMY/AUTOMATION - 
I *  
.- . 
USER FRIENDLY ""' 
TECHNOLOGY 
There are a l a r g e  number o f  commercial  and Department of Defense technology 
products that can p o t e n t i a l l y  be used t o  serve a l l  o f  t he  areas on t h i s  f i g u r e .  
These inc lude in tegra ted hardware and s o f t w a r e  t o o l s ,  on-board computer hardware, 
so f tware  development aids, computer automation, and a ids  f o r  t h e  use r  i n t e r f a c e .  
N o t i c e  that  the arrows go two ways. The t w o - d i r e c t i o n  ar rows show tha t  i n  some cases 
some o f  what NASA does w i t h  these products may i n f l u e n c e  t h e  commercial  and DOD 
sec to rs ,  However, that i s  n o t  t he  m a i n  message. The b o t t o m  l i n e  i s  that we p lan t o  
m a x i m i z e  t he  use o f  commercial  and DOD products. 
INTEGRATED 
HARDWARE1 
SOFTWARE INTERFACES ' 
MANAGEMENT 4 NETWORKS 
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INTEGRATION AND TESTING 
VALIDATION/ACCEPl ANCE COMMER-. -. .--- 
CONFIGURATION MANAGEMENT ---. .. 
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CON1 ROLLERS PROCESSORS FORMULA LANGUAGES COMPUTER 
MASS STORAGE ARTIFICIAL INTELLIGENCE AUTOMATION 
FLIGHT COMPUTERS AUTOMA 
C FAULT TOLERANT SYSTEMS 
""OWLEDGE BASED SYSTEMS 
DEVELOPMENT U N U U A H U  UU-TRIBUTED DATA BASE SYSTEM 
CAPABILITY f COMPUTER '\ SOFTWARE 
HARDWARE DEVELOPMENT 
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MATH MODEL DEVELOPMENT 
FLIGHT COMPUTER INTERFACE AUTOMATED CODE GENERATION 
BUFFER AUTOMATIC TEST AND VALIDATION - - 
AUTOMATED DOCUMENTATION 
SOFTWARE MANAGEMENT 
NASA has taken a number of software management steps that we think are positive 
and in the right direction. First of all, the top level (combined Levels A and B) 
software management plan has been drafted. That document will continue throughout 
the program's life to be the repository for the program's policies and procedures, 
We have also created positions and appointed people as designated software managers 
at Levels A and B. The Program is in the process of converting what has been an 
ad hoc software working group into a permanent software advisory panel. We are 
beginning to assemble software standards, the first of which will be a lexicon so 
that all participants will be using the same defintion of terms. And finally, we are 
in the latter stages of conceptualizing a software development environment. Now let 
me pause for a moment here and clarify that we also refer to the SDE as a software 
support environment, the idea being that the term "support" conveys a wider process 
than does development. We presently use both terms synonymously. 
WHAT" BEEN DONE SO FAR? 
@ DRAFT TOP LEVEL SOFTWARE MANAGEMENT PLAN 
@ SOFTWARE MANAGERS AT LEVELS A AND B 
@ PERMANENT SOFTWARE ADVISORY PANEL 
@ LEXICON AS FIRST STANDARD 
@ CONCEPTS FOR SOFTWARE DEVELOPMENT ENVIRBi\lMENT 
SOFTWARE MANAGEMENT PLANS 
The Space S t a t i o n  Program e n v i s i o n s  a h i e r a r c h y  of s o f t w a r e  management p l a n s ,  
i , e . ,  one p l a n  p e r  major s o f t w a r e  e lement .  The p l a n  a t  t h e  t o p  of t h i s  f i g u r e ,  t h e  
Level  A/B s o f t w a r e  management p l a n ,  i s  t h e  one t h a t  i s  p r e s e n t l y  i n  d r a f t  form and 
t h a t  w i l l  soon be undergoing formal  rev iew throughout  t h e  Space S t a t i o n  Program. Two 
other major e lements  t h a t  have been i d e n t i f i e d  s o  f a r  w i l l  a l s o  be r e q u i r e d  t o  have 
i n d i v i d u a l  s o f t w a r e  management p l a n s .  One is  t h e  s o f t w a r e  development environment 
( o r  t h e  s o f t w a r e  suppor t  environment) and t h e  o t h e r  is t h e  Techn ica l  and Management 
In format ion  System (TMIS). S ince  t h e  o t h e r  e lements  of t h e  Space S t a t i o n  Program 
have n o t  y e t  been i d e n t i f i e d  ( w e  a r e  s t i l l  i n  t h e  requirement  s t a g e )  t h e y  a r e  shown 
on  t h i s  c h a r t  s imply as systems A, B, C ,  and s o  on. 
SPACE STATION LIFE CYCLE 
Pic tured  he re  is t h e  s tandard  Space S t a t i o n  System and Software L i f e  Cycles t h a t  
w i l l  be used wi th in  t h e  Program. The t o p  ha l f  of t h e  f i g u r e  shows what t h e  systems 
phases a r e ,  and the  bottom ha l f  g ives  t he  corresponding software phases. Shown a s  
we l l  a r e  t h e  major reviews and even t s  t h a t  w i l l  t ake  p lace  a c r o s s  t h a t  l i f e  cycle .  
We w i l l  r equ i r e  t h a t  a l l  space s t a t i o n  software e f f o r t s  u t i l i z e  t h e  l i f e  cyc l e  
r e g a r d l e s s  of whether t h e  sof tware  is  being developed o r  acquired.  (Ed. note: This  
l i f e  cyc le  has been s l i g h t l y  modified i n  t h e  approved Software Management Plan, which 
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Althovgh a number of s t e p s  have been taken,  many a d d i t i o n a l  sof tware management 
i s s u e s  remain. This f i g u r e  l is ts  a few of them. One such i s s u e  concerns a p p l i c a t i o n  
c r i t e r i a ,  i.e., t o  what depth and t o  what e x t e n t  should our p o l i c i e s  and procedures 
apply? We c e r t a i n l y  don ' t  want t o  impose a l l  t hese  r u l e s  on t h e  t echn ica l  person 
working i n  an oEfice with a personal  computer. By what criteria do we decide how 
much of t h e  p o l i c i e s  and procedures apply t o  each element and each s i t u g t i o n ?  
Another i s s u e ,  and a very important one, is how do we enf orce  these  p o l i c i e s  and 
procedures as we l l  a s  t he  support ing s tandards  t h a t  s e rve  t o  implement t h e  p o l i c i e s  
and procedures? What enforcement mechanism should be used? A t h i r d  i s s u e  is  
t r a i n i n g  and s k i l l s  p repara t ion .  1s it adequate simply t o  send our  people t o  
management courses ,  o r  is  a d d i t i o n a l  p repa ra t ion  needed? Should we consider  s t a f f  
r o t a t i o n  i n t o  d i f f e r e n t  jobs? A f o u r t h  i s s u e  i s  the  ques t ion  of whether NASA has 
adequate manpower t o  do t h e  system and software engineering and i n t e g r a t i o n  job,  and 
i f  t h e  answer is  no, then what should NASA do? 
- Policy application criteria? 
- How to enforce policies and procedures? 
- Training and skills preparation? 
- Adequate NASA manpower? 
APPLICATIONS ENVIRONMENT 
This f i g u r e  i l l u s t r a t e s  a couple of important f e a t u r e s  about t h e  soEtware devel-  
opment environment. One is t h a t  t h e  sof tware development environment w i l l  c o n s i s t  of 
a s tandard  s e t  of t o o l s ,  sof tware  packages, p o l i c i e s ,  and procedures whiich from one 
pe r spec t ive  w i l l  f r e e  t h e  u s e r  and t h e  a p p l i c a t i o n  sof tware  from t h e  ope ra t i ng  system 
and d a t a  s to rage .  Another important message from t h i s  f i g u r e  is t h a t  t h e  u s e r  and 
t h e  a p p l i c a t i o n  sof tware  w i l l  be provided a number of s e r v i c e s  by t h e  sof tware devel- 
opment environment v i a  t h e  t o o l s ,  i n t e r p r e t e r s ,  code gene ra to r s ,  ope ra t i ng  system, 
e t c . ,  t h a t  comprise t h a t  sof tware  development environment. 





DATA SYSTEM AND STORAGE 
COMMONALITY 
This  f i g u r e  i l l u s t r a t e s  t h a t  an  i n t e g r a t e d  s o f t w a r e  suppor t  sys tem w i l l  c o n s i s t  
of many d i f f e r e n t  e lements :  a i d s  f o r  hardware i n t e g r a t i o n ,  s i m u l a t i o n  models, diag- 
n o s t i c s ,  o o n t r o l  t o o l s ,  s o f t w a r e  development a i d s ,  compi le r s ,  v e r s i o n  c o n t r o l  t o o l s ,  
packages t o  a n a l y z e  requ i rements ,  o p e r a t i n g  systems,  management sys tems,  and s o  on. 
It i s  a l s o  important  t o  r e a l i z e  t h a t  t h e  i n t e g r a t e d  s o f t w a r e  suppor t  sys tem w i l l  
e n a b l e  the u s e r  t o  s e l e c t  t h e  p a r t i c u l a r  suppor t  e lements  r e q u i r e d  and t h u s  form a  
s p e c i f i c  s u b s e t  s o f t w a r e  suppor t  environment.  
SV!B+EIVII 
0 P 8  PLAN 
FLIGHT PLANNING. 
CONFIG CONTROL. CREW ACTIVITIES 
SCHEDIJLING. AND A N D  PAYLOADS 
CONTROLS 
ENVIRONMENT COMPONENTS 
The so£ tware support environment w i l l  cons i s t  of f i v e  major c o n s t i t u e n t s .  They 
a r e  software t o o l s ,  opera t ing  systems, var ious  hardware t o o l s  (such a s  s imula t ion  
i n t e r f a c e  bu f fe r s  and performance monitors) ,  a  hos t  d a t a  processing system, and then  
l a s t ,  and c e r t a i n l y  not l e a s t ,  o v e r a l l  management p o l i c i e s ,  procedures ,  and s tan-  
dards.  The management of t he  software development and a c q u i s i t i o n  process  is  c r i t i -  
c a l l y  important.  Thus t h i s  l a s t  category,  t h e  "management plan" box, i s  h igh l igh ted ,  
SUPP43RT 
(WITH WHICH TO DESIGN & BUILD SOFTWARE) SOFTMIARE 
OPERATING 
SVSTIEMS 
I (WITH WHICH TO SIMULATE/TEST SOFTWARE) I 
HARDWARE TOOLS 
SIM I/F BUFFER, PERFORMANCE MONITOR. . . 







80 ENABLE DEVELOPMENT AND INTG OF S/W) AND C43NTROL 
RELATIONSHIP 
This  f i g u r e  tries t o  c o n c e p t u a l i z e  how t h e  s o f t w a r e  development environment w i l l  
p rov ide  suppor t  throughout  t h e  sys tem l i f e  c y c l e .  F i r s t ,  t h e  SDE w i l l  suppor t  each  
subsystem a s  it  i s  being developed. That same s o f t w a r e  development environment w i l l  
t h e n  p rov ide  suppor t  as t h o s e  subsystems a r e  i n t e g r a t e d  t o  form t h e  sys tem and t h e n  
l a t e r  on as t h a t  sys tem moves i n t o  t h e  long term maintenance and enhancement phase.  
A key d r i v e r  behind t h e  SDE concept is t o  minimize maintenance c o s t s ,  
NOTE: SDE "CONTROLS HOW 
SOFTWARE IS BUILT, NOT 
WHAT SOFTWARE IS BUILT. SPACE STATION 




This  f i g u r e  i l l u s t r a t e s  t h e  planned schedu le  f o r  t h e  s o f t w a r e  development env i -  
ronment. A s e p a r a t e  c o n t r a c t  f o r  t h e  s o f t w a r e  development environment w i l l  be i s s u e d  
i n  t h e  l a t t e r  p a r t  of FY 1986 s o  t h a t  we have a b a s i c  c a p a b i l i t y  SDE i n  p l a c e  by mid- 
y e a r  FU 1988. Note how t h a t  c o r r e l a t e s  w i t h  t h e  Space S t a t i o n  Phase C/D mainstream 
development. Phase C/D is scheduled t o  s t a r t  a t  mid-year FY 1987 s o  it  i s  impor tan t  
t h a t  t h e  SDE be i n  p l a c e ,  t e s t e d  and checked o u t  s h o r t l y  t h e r e a f t e r ,  i . e . ,  p r i o r  t o  









PROS AND CONS 
The sof tware  development environment h a s  a  number of advantages  as w e l l  as a  few 
d i sadvan tages .  Some of t h e  d i s a d v a n t a g e s  are t h a t  i t  w i l l  r e q u i r e  a l a r g e  investment  
up f r o n t .  C e r t a i n l y  t h e  e s t a b l i s h m e n t  of a s t a n d a r d  s e t  of t o o l s ,  p r a c t i c e s ,  p o l i -  
c i e s ,  and t echn iques  w i l l  a f f e c t  a number of p r e v i o u s l y  e s t a b l i s h e d  "sand boxes," by 
which I mean t h e  ways people  have t r a d i t i o n a l l y  been doing b u s i n e s s  bo th  w i t h i n  NASA 
as w e l l  as w i t h i n  i n d u s t r y .  I n  a d d i t i o n ,  t h e  SDE must be des igned f o r  changes; it  
won't be a f i x e d  s e t  of t o o l s .  On t h e  advantages  s i d e ,  however, we a r e  f i r m l y  con- 
vinced t h a t  t h e  SDE w i l l  s u b s t a n t i a l l y  reduce t h e  c o s t  of ownership f o r  our  s o f t w a r e ,  
tlie ownership (maintenance)  c o s t  t h a t  we ' re  worrying about  being something l i k e  70 t o  
80 p e r c e n t  oE t h e  t o t a l  l i f e  c y c l e  o u t l a y .  The SDE w i l l  a l s o  l e n d  s t a b i l i t y  t o  our  
s o f t w a r e  p rocess  by h e l p i n g  t o  a s s u r e  t h a t  a l l  p a r t i c i p a n t s  a r e  us ing  t h e  same s e t  o f  
t o o l s ,  s t a n d a r d s  and t e c h n i q u e s  and i t  w i l l  t h u s  improve t h e  i n t e g r a t i o n  and checkout 
p r o c e s s ,  We b e l i e v e  t h e  advan tages ,  p a r t i c u l a r l y  i n  t h e  long run ,  f a r  outweigh t h e  
d i sadvan tages .  
Cons 
MAY REQUIRE SUBSTANTIAL FRONT-MONEY 
INVESTMENT 
@ AFFECTS A LOT OF PREVIOUSLY ESTABLISHED "SAND 
BCIXES" 
@ SL)E HAS TO BE DESIGNED FOR CHANGE 
Pros 
o PR,BVIDES FOR REDUCED COST OF OWNERSHIP FOR 
SObFTWARE 
@ L E N D S  STABILITY TO THE SOFTWARE PROCESS 
o IMPROVES THE INTEGRATION & CEiECKOUT 
PR,BCESSES 
Fact of Life: 
"IHL CONTINUING RAPID EVOLUTION OF THE COAnPUTlNG INDUSTRY 
ISSUES 
There a r e  a number of i s s u e s  a s s o c i a t e d  w i t h  t h e  s o f t w a r e  development env i ron-  
ment. The f i r s t  concerns  t h e  p r a c t i c a l i t y  of an  SDE and whether  NASA r e a l l y  shou ld  
t r y  t o  d e f i n e  and develop such a s o f t w a r e  suppor t  c a p a b i l i t y .  Secondly,  should  we 
t r y  t o  app ly  t h a t  so f tware  development environment t o  a l l  s o f t w a r e ,  both  in-house and 
t h a t  which we c o n t r a c t  f o r ?  What w i l l  be t h e  impact of a NASA d e f i n e d  SDE on our  
c o n t r a c t o r  c o l l e a g u e s ?  Should NASA f u r n i s h  t h e  SDE, l o c k ,  s t o c k  and b a r r e l ,  o r  on ly  
s p e c i f y  what it  should be and a l l o w  each o r g a n i z a t i o n  t h a t  wants a copy t o  p rocure  
t h e i r  own sof tware/hardware?  Should t h e  SDE be a s i n g l e  c e n t r a l i z e d  f a c i l i t y  o r  
should  we a l l o w  m u l t i p l e  c o p i e s  of t h e  SDE? Another v e r y  impor tan t  q u e s t i o n  i s  how 
do we m a i n t a i n  c o n f i g u r a t i o n  c o n t r o l ?  The SDE c e r t a i n l y  won't be a s t a t i c  capab i l -  
i t y .  What w i l l  be t h e  government 's  l i a b i l i t y ?  When s o f t w a r e  is  l a t e  o r  h a s  prob- 
lems, w i l l  t h e  deve loper  be i n c l i n e d  t o  p o i n t  t o  t h e  SDE a s  a source  of t h e  problem? 
And t h e n  f i n a l l y ,  a remaining i s s u e  i s  whether we r e a l l y  shou ld  be t a l k i n g  about  two 
d i f f e r e n t  k i n d s  of SDE's, one t h a t  would suppor t  s o f t w a r e  development and the  o t h e r  
t h a t  w i l l  suppor t  s o f t w a r e  a c q u i s i t i o n  and t h u s  be l a r g e l y  a management SDE, 
.-. Should a uniform NASA SDE be defined and developed?? 
- Apply t o  all software development (in-house and contractors)? 
- Relationship to  established industry SDEs? 
-- NASA GFE or only specs? 
-- One central facility or multiple copies? 
-. How to  configuration control? 
.- Government liability? 
-- Two SDEs: development and management? 
STANDARDS 
The basic question concerning standards is what standards are needed. I have 
listed on this figure a few of the types of standards that we think we should have. 
This list ranges from types of documentation and formats for those documents down to 
terminology instruction, set architectures, standardized languages, standards for 
quality assurance, testing procedures, and a standardized life cycle. Now, in a 
couple of cases, we have already moved forward to begin the standardization process. 
We have established a standard life cycle, as shown on a previous figure. We are 
specifying a critical set of documents that should be required of most software proj- 
ects. (It will always be possible to apply for a waiver, but we do have a standard 
set of documents that will normally be required.) We are also in the process of 
finalizing a software terminology standard. But what other categories should we be 
worrying about and what candidates exist to fill those needs? 
@ WHAT STANDARDS ARE NEEDED? 
.- Documentation types and formats? 
- Terminology? 
.- 16 bit and 32 bit instruction set arckfiectures? 
- Languagles? 
Operating systems? Tools? DBNIS? 
- Quality assurance? 
- Corrfiiguration management? 
-. Testing procedures? 
- Life cycle (phases, events, products)? 
@ WHAT OTHERS? 
@ WHAT CANDIDATES FILL THE NEED? 
ARGUMENTS FOR AND AGAINST 
There are a number of arguments leaning in favor of standards and of course some 
arguments against standards. Arguments that indicate that we should have standards 
point out that we will have greater compatibility in our equipment and data, Tt will 
be less costly to transfer information if we have standardized software/hardware and 
standardized documents. Systems and subsystems should be implemented more quickly, 
Standards should facilitate wider use of information, particularly across the large 
number of organizations that will comprise the Space Station Program. Standards in 
some areas at least will mean that we will need fewer skilled personnel. In other 
words, we won't have to train and maintain so many specialists in so many different 
areas. Arguments against standardization include the possibility of discouraging 
individual preference, moving us away from the leading edge of technology, and 
lowering the competitiveness of hardware and software. 
The Argument for: 
@ COMPATIBILITY FOR EQUIPMENT AND DATA 
@ LESS COSTLY T O  TRANSFER lNFORMATlON 
o NO NEED TO PURCHASE S/W, H/W BRIDGES 
@ LESS PROGRAMMER TIME REQUIRED 
@ FASTER IMPLEMENTATION 
WIDER USAGE OF lNFORMATlON 
@ LESS SKILLED PERSONNEL REQUIRED 
The Argument Against: 
@ DISCOURAGES INDIVIDUAL PREFERENCE 
@ MOVES AWAY FROM "LEADING EDGE" O F  TECHNOLOGY 
@ LOWERS COMPETlTlVENESS OF HARDWARE AND SOFTWARE 
LANGUAGES 
It h a s  been t h e  i n t e n t  of t h e  Space S t a t i o n  Program f o r  some t ime  now t o  s t a n -  
d a r d i z e  on a very  few computer languages:  one o r  two languages  i n  t h e  implementat ion 
c a t e g o r y  and a  similar s m a l l  s e t  of languages  i n  each  of t h e  o t h e r  c a t e g o r i e s .  But 
t h e r e  a r e  some b a s i c  q u e s t i o n s  t h a t  we must a s k  o u r s e l v e s .  One i s  should t h e  Space 
S t a t i o n  Program t r y  t o  s t a n d a r d i z e  on languages  a t  a l l ?  And i f  you a g r e e  t h a t  we 
s h o u l d ,  t h e n  by what c r i t e r i a ?  How i s  i t  t h a t  we shou ld  s e l e c t  one language v e r s u s  
a n o t h e r ?  And i n  e a c h  c a t e g o r y  of a p p l i c a t i o n ,  shou ld  we f o c u s  on one s i n g l e  language 
o r  a smal l  s e t ?  Some c o n s i d e r a t i o n s  t o  f o l d  i n  t o  our  t h i n k i n g  about  t h o s e  q u e s t i o n s  
i n c l u d e  t h e  f a c t  t h a t  we want t o  minimize l i f e  c y c l e  c o s t .  Th i s  is a  program t h a t  
w i l l  s t r e t c h  ou t  over  25 o r  30 y e a r s .  The languages  t h a t  we p i c k  must be e a s y  t o  
u s e ,  and must be r o b u s t  and have a  wide range of f u n c t i o n a l  c a p a b i l i t i e s .  Of c o u r s e ,  
we would l i k e  a  language t h a t ' s  r easonab ly  mature and t h e r e f o r e  has  a good t o o l  sup- 
p o r t  and exper ience  base .  The languages  must be compat ible  w i t h  t h e  t y p e s  of com- 
p u t e r s  t h a t  we w i l l  u s e ,  t h e  environments  w i t h i n  which t h a t  hardware w i l l  be exer-  
c i s e d ,  and t h e  e x i s t i n g  s o f t w a r e .  The l a t t e r  i s  a v e r y  impor tan t  p o i n t  f o r  Space 
S t a t i o n  because we must i n t e r f a c e  w i t h  a number of s o f t w a r e  a p p l i c a t i o n s  t h a t  a r e  
already e x i s t i n g  and a r e  w r i t t e n  i n  a number of d i f f e r e n t  languages .  Another 
c o n s i d e r a t i o n  is  programmer a v a i l a b i l i t y .  
@ QUESTIONS 
-- Should S v e e  Station Wogram standardize languages at all? 
- &If so, by what criteria? 
--. Orre language or several? 
-.. Minimize l ife cycle costs 
- Ea~se of use 
.- Ricchness and f unctional capabilities 
-- Maturity and support base 
- Compatibility to  machines, environments, other languages 
- Programmer availability 
CATEGORIES 
Lis t ed  on t h i s  f i g u r e  a r e  t he  probable major ca t egor i e s  f o r  language s tandard-  
i z a t i o n  and a few of t he  poss ib le  candidates  t h a t  might be s u i t a b l e  f o r  each cate-  
gory. Now, t h a t  l i s t  of candia tes  i s  by no means complete but a t  l e a s t  some of the  
major ones a r e  l i s t e d .  The ca t egor i e s  a r e  requirements and s p e c i f i c a t i o n s ,  des ign ,  
development (which i s  of course the  language s t anda rd iza t ion  a r e a  t h a t  people most 
o f t e n  th ink  o f ) ,  t h e  u se r  i n t e r f a c e ,  and a r t i f i c i a l  i n t e l l i g e n c e  and exper t  systems, 
LANGUAGES 
CATEGORIES CAMDIDATEST 
Requirements and specif ieation PSL/PSA, SREM, SADT, Cl4DSAT 
Design PDL, SDDL 
Development HAL/S, Fortran, PL/I, Jovial, Ada, C, Modula-2, Pascal 
User interface GOAL, ATLAS, SCOL,STOI,, Ada 
Al/expert systems LISP, PROLOG 
ISSUES 
There a r e  a  number of i s s u e s  a s soc i a t ed  with s e l e c t i n g  computer languages. The 
f i r s t  one t h a t  comes t o  everyone's mind is  Ada. Is Ada s u f f i c i e n t l y  mature? Does it 
have the  proper s e t  of t o o l s  ava i l ab l e?  I f  we decide not  t o  fo l low the  Ada r o u t e ,  a t  
l e a s t  f o r  a period of t ime,  then what languages o r  language should we be choosing 
temporar i l~r?  Another i s s u e  is how do we maintain language conf igura t ion  con t ro l ?  
Bow do we prevent o r  should we even t r y  t o  prevent people from c r e a t i n g  s p e c i a l  ver- 
s ions  of t he  s e l e c t e d  s tandard  language or  languages? Other important i s s u e s  revolve  
around the s p e c i a l  a p p l i c a t i o n  a r e a s  of exper t  systems, a r t i f i c i a l  i n t e l l i g e n c e ,  and 
the  user i n t e r f a c e .  Do we need t o  s e l e c t  s p e c i a l  languages f o r  those ca t egor i e s  o r  
can the  sarae s tandard  language t h a t  we choose f o r  implementation a l s o  s u f f i c e ?  
- Ada: Maturity 
Tool set 
If not Ada, what? 
-- How to maintain language configuration control? 
- Languages for special purposes: 
e.g., Expert systems 
User interface 
CONCLUSIONS 
I have t r i e d  i n  t h i s  b r i e f i n g  t o  prompt your thinking.  I have pointed out t h a t  
sof tware w i l l  be a very c r i t i c a l  element of Space S t a t i o n ,  preva len t  throughout a l l  
a spec t s  i n  space a s  we l l  a s  on the  ground. There a r e  many open i s s u e s  t h ~ a t  t he  Pro- 
gram i s  now i d e n t i f y i n g  and at tempting t o  reso lve .  They range ac ros s  the four  major 
ca t egor i e s  t h a t  w i l l  be the  focus f o r  t h i s  forum: software management planning, the  
software development environment, s tandards ,  and languages. We a r e  reques t ing  
indus t ry  and u n i v e r s i t y  a s s i s t a n c e  and welcome your con t r ibu t ions .  
@ SOFTWARE CRITICAL ELEMENT OF SPACE STATION 
@ MANY OPEN ISSUES 
- Management planning 
-. Software development environment 
-. Standards 
-. Languages 
@ NASA REQUESTING INDUSTRY AND UNIVERSITY OPINION AND 
IDEAS 

SOFTWARE MANAGEMENT PANEL SUMMARY 
P r i o r  t o  the  forum, the  Software Management Panel reviewed the  Space S t a t i o n  Software 
I s sues  repor t  ( r e f .  1) and the  d r a f t  Level A/B Software Management Plan (Table 1). 
During the  forum, the  panel expe r t s  and the  audience made 30 s p e c i f i c  recommendations 
f o r  assur ing  the  succes s fu l  management of Space S t a t i o n  software.  The fol lowing s i x  
recommendations a r e  e s s e n t i a l  t o  the  Program's success  and a r e  the b a s i s  f o r  accom- 
p l i s h i n g  the  30 s p e c i f i c  recommendations. 
1. The c h a r t e r s  of the  Level A and B Software Managers must be s t rengthened t o  
assure  t h a t  those pos i t i ons  have the  dec is ion  and con t ro l  a u t h o r i t y  t o  proper ly  
conduct t h e i r  jobs.  S p e c i f i c  ac t ions  a re :  
a .  Support t he  Level A and B Software Managers with increased  software- 
experienced s t a f f .  (The panel notes  with alarm the  lack  of any support s t a f f  
a t  the present  time f o r  t he  Level A pos i t ion . )  
b. The Level A and B Software Managers must each have s i g n i f i c a n t  d i s c r e t i o n a r y  
budget t o  provide the  appropr ia te  guidance and support of the  software man- 
agement and a c q u i s i t i o n  func t ions  below them. 
c.  The h ie rarchy  of software dec is ion  making and approval a u t h o r i t y  must be 
c l e a r l y  e s t ab l i shed .  The panel recommends t h a t  t echn ica l  dec is ions  with 
system engineering and i n t e g r a t i o n  impact be the  r e s p o n s i b i l i t y  of t he  Level 
B Software Manager with the  concurrent involvement of t he  Level A Software 
Manager. However, t he  panel recognizes t h a t  t he re  w i l l  be c e r t a i n  major 
dec is ions  (such a s  the  choice of a s tandard language and the o v e r a l l  concept 
f o r  the  software support environment) t h a t  w i l l  have major, long reaching 
impact, both wi th in  the  Program and t o  organiza t ions  t h a t  i n t e r f a c e  t o  t he  
Program. The panel recommends t h a t  such dec is ions  be the r e s p o n s i b i l i t y  of 
t he  Level A Software Manager with the  concurrent involvement of the  Level B 
Software Manager. 
d.  The Software Management Plan needs t o  be modified a s  follows: 
- Develop and adopt c h a r t e r  s ta tements  f o r  both the  Level A 
and B Software Managers. 
- Specify items a ,  b,  and c above i n  t h e  c h a r t e r  s ta tements .  
- I d e n t i f y  and provide a schedule f o r  important dec i s ions  
t h a t  need t o  be made. 
- Specify how the dec is ions  w i l l  be made and by whom. 
- Specify who has con t ro l  of t he  management func t ions ,  
e .g . , budget approval and product approvals .  
The Software Management Plan p o l i c i e s  and procedures a r e  in-house development 
o r i e n t e d ,  whereas i n  f a c t  the  t a s k  is the management of t he  a c q u i s i t i o n  of s o f t -  
ware ( inc luding  in-house development). Large-scale sof tware a c q u i s i t i o n  is new 
t o  some p a r t s  of NASA and is  d i f f e r e n t  from, and more d i f f i c u l t  than ,  hardware 
a c q u i s i t i o n .  The plan must be reformulated t o  r e f l e c t  t h i s  a c q u i s i t i o n  or ien-  
t a t i o n .  Various sec t ions  i n  t he  plan need t o  be rev ised  t o  s t rengthen  the  
p o l i c i e s  and the a b i l i t y  of t he  Level A and B Software Managers t o  be e f f e c t i v e  
i n  playing a r o l e  i n  sof tware acqu i s i t i on .  The p lan  should c a l l  f o r  in-house 
(NASA) software development t o  be managed i n  the  same way a s  non-NASA 
:%EDlNG PAGE BLANK NOT FILMED 
~ 
~ 
I I I I l l  I '  - II I 1  lIl1[1 11 I I I 1  I l l  I 
( c o n t r a c t o r )  acquisition/development, w i t h  a p p r o p r i a t e  t a i l o r i n g  t o  accommodate 
d i f f e r e n c e s  such as l e g a l  c o n t r a c t i n g  procedures  f o r  e x t e r n a l  a c q u i s i t i o n s .  
The focus  of t h e  Software Management P lan  needs t o  be r e v i s e d  t o  emphasize t h e  
rnaintenance/susta ining e n g i n e e r i n g  c o n s i d e r a t i o n s  i n  more d e t a i l  and e a r l i e r  i n  
t h e  system l i f e  c y c l e  p rocess .  The major c o s t  of most long- l i f e -cyc le  computer- 
based systems is  i n  t h e  pos t -de l ive ry- to -opera t ions  phase (60-80% of t o t a l  s o f t -  
w a r e  l i f e  c y c l e  c o s t s ) .  The r o l e  of t h e  s o f t w a r e  managers i n  t h e  e a r l y  sys tem 
d e f i n i t i o n  and d e s i g n  phase shou ld  be expanded t o  p rov ide  f o r  s o f t w a r e  a l l o c a -  
t i o n  and s o f t w a r e  t r a d e - o f f s .  I f  t h e  wrong d e c i s i o n s  a r e  made i n  t h i s  phase ,  i t  
w i l l  be n e a r l y  impass ib le  t o  reduce the  m a i n t e n a n c e / s u s t a i n i n g  e n g i n e e r i n g  c o s t s  
l a t e r .  
It is not c l e a r  what t h e  boundar ies  of Space S t a t i o n  a r e .  The s p e c i f i c  manage- 
ment spheres  of c o n t r o l  a r e  u n c l e a r  and t h e  p rocedures  f o r  accomplishing manage- 
ment i n t e r a c t i o n  w i t h  non-Space S t a t i o n  s e r v i c e s  a r e  not  de f ined .  A d d i t i o n a l l y ,  
much of t h e  i n h e r i t e d  s o f t w a r e  appears  t o  be o u t s i d e  t h e  c o n t r o l  of Space S t a t i o n  
p o l i c i e s  and s t a n d a r d s .  For example, i n t e r o p e r a b i l i t y  d e s i g n ,  i n t e r f a c e  d e s i g n ,  
and i n t € g r a t e d  schedu le  c o o r d i n a t i o n  need t o  be more c l e a r l y  d e l i n e a t e d ,  P o l i c i e s  
and procedures  f o r  managing t h e s e  i s s u e s  must be s p e c i f i e d  a s  t h e y  impact Space 
S t a t i o n  sof tware .  
5 ,  The Software Management P lan  and s t a t e d  NASA approach c a l l  f o r  NASA t o  perform 
the t o p  l e v e l  s o f t w a r e  e n g i n e e r i n g  and i n t e g r a t i o n  (SE&I) f u n c t i o n .  The pane l  
observes  t h a t  t h e  scope of t h a t  t a s k  ( m u l t i c e n t e r ,  m u l t i c o n t r a c t o r  and mul t i -  
s u b c o n t r a t o r )  is f a r  beyond NASA's p a s t  e x p e r i e n c e .  The pane l  s u g g e s t s  t h a t  t h e  
f u l l  scope of t h e  SE&I j o b  be re -assessed  w i t h  s p e c i a l  a t t e n t i o n  t o  i n t e g r a t i o n .  
The plan must a d d r e s s  more s p e c i f i c a l l y  t h e  management of t h e  many g e o g r a p h i c a l l y  
d i s p e r s e d  o r g a n i z a t i o n s  invo lved  i n  t h e  i n t e g r a t i o n  t a s k .  More d e t a i l  i s  needed 
on p o l i c i e s  (who, how, when) and on t h e  s p e c i f i c  r e s p o n s i b i l i t i e s  of d e v e l o p e r s  
and i n t e g r a t i o n  o r g a n i z a t i o n s .  
6, It is t h e  consensus of t h e  pane l  t h a t  t h e  Software Management P lan  shou ld  be re- 
s t r u c t u r e d .  A new t a b l e  of c o n t e n t s  is recommended t h a t  p rov ides  f o r :  
- A more complete l i s t  of p o l i c i e s .  
- C h a r t e r s  f o r  t h e  Level  A and B Sof tware  Managers t h a t  a r e  s u f f i c i e n t  and 
d e l i m i t i n g  wi th  r e s p e c t  t o  c o n t r o l  and a u t h o r i t y  of t h e  management p r o c e s s ,  
- S p e c i a l  a t t e n t i o n  and f o c u s  on s e v e r a l  s i g n i f i c a n t  p rocedures .  
RECOMMENDATIONS 
I ,  The Level A/B Software Management P lan  s t r u c t u r e  does not  focus  s u f f i c i e n t  
emphasis on s e v e r a l  a r e a s  and needs r e v i s i o n .  (See Table 1, recommended Sof tware  
Management P lan  Table of Conten t s ,  p .  76.)  
2 .  The i n t e r d i s c i p l i n a r y  a c t i v i t i e s  and i n t e r a c t i o n s  a r e  n o t  w e l l  d e f i n e d .  T h e i r  
d e f i n i t i o n  and c o n t r o l  mechanisms should be s p e c i f i c a l l y  d e t a i l e d  i n  t h e  Level  
A/B Sof t ware Management Plan.  
3. The Level A/B Software Management P lan  shou ld  emphasize t h e  c o n s i d e r a t i o n s  of 
u s i n g  e x i s t i n g  ( i n h e r i t e d )  s o f t w a r e  as an  a l t e r n a t i v e  t o  t o t a l l y  new development. 
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4. The Level A/B Software Management P lan  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  
f o r  c o n t r o l  and feedback between t h e  l e v e l  A/B/C management f u n c t i o n s  f o r  c o s t ,  
schedu le  and t e c h n i c a l  c o n t e n t .  
5.  The Level A/B Software Management P lan  should s p e c i f y  t h e  p o l i c i e s  and p rocedures  
f o r  managing t h e  r i s k  i s s u e s .  
6 .  The Level A/B Software Management P lan  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  
f o r  managing t h e  v a r i o u s  t e c h n i c a l  performance i t ems .  
7. The Level A/B Software Management P lan  should a d d r e s s  t h e  p o l i c i e s  and procedures  
t o  accommodate modern, a p p r o p r i a t e  so f tware  development methodologies .  
8 .  The Level A/B Software Management P l a n  shou ld  f o c u s  more emphasis on the e a r l y  
planning f o r  t h e  maintainability/sustainability a s p e c t s  of a c q u i r e d  s o f t w a r e .  
9 .  The p o l i c i e s  on independent v e r i f i c a t i o n  and v a l i d a t i o n  (IV & V) i n  t h e  Level A/B  
Software Management do not put enough emphasis on i t s  SELECTIVE u s e .  The c r i t e r i a  
f o r  u t i l i z a t i o n  of IV&V shou ld  b e  d e f i n e d .  
10. The p o l i c i e s  and procedures  f o r  managing t h e  a c q u i s i t i o n  and c o n f i g u r a t i o n  
management of FIRMWARE should be s p e c i f i e d .  
11. The Level A/B Sof tware  Management P lan  p o l i c i e s  and p rocedures  f o r  a c q u i s i t i o n  of 
s o f t w a r e  shou ld  emphasize QUALITY and should be fo rmula ted  and reviewed t o  
accommodate new paradigms as they may be a c c e p t e d  i n d u s t r y  p r a c t i c e  over  t h e  l i f e  
of t h e  p r o j e c t  (30-F y e a r s ) .  
12. The p o l i c i e s  and procedures  i n  t h e  Level  A/B Sof tware  Management P lan  should 
s p e c i f y  how and when s o f t w a r e  and hardware t r a d e - o f f s  a r e  made i n  t h e  sys tem l i f e  
c y c l e ,  a s  w e l l  a s  how and when hardware / sof tware  i n t e r f a c e s  a r e  d e f i n e d .  
13. The Level  A/B Software Management P lan  p o l i c i e s  and p rocedures  f o r  t a i l o r i n g  
shou ld  s e t  t a i l o r i n g  guidance based upon d i f f e r e n t  i d e n t i f i e d  c a t e g o r i e s  of 
s o f t w a r e  and should provide d i f f e r e n t  l i f e  c y c l e s  i f  a p p r o p r i a t e .  
14.  The Level  A/B Sof tware  Management P l a n  should deEine t h e  po l i , c i es  and procedures  
f o r  t h e  v a r i o u s  reviews a d d r e s s i n g  t h e  who, why, what ,  and when. They shou ld  
a l s o  p rov ide  f o r  an  e v a l u a t i o n  of t h e  review p r o c e s s  and a  mechanism f o r  improv- 
i n g  t h e  review process .  
15. The Level A/B Software Management P lan  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  
f o r  c o n t r a c t  i n c e n t i v e s  t h a t  a r e  e a s i l y  unders tood and a d m i n i s t e r e d  and a r e  
d i r e c t l y  t i e d  t o  t h e  c o s t ,  schedu le  and t e c h n i c a l  c o n t e n t ,  and q u a l i t y  of t h e  
product .  
16. The Level  A/B Sof tware  Management P l a n  needs t o  s t r e s s  t h e  p o l i c i e s  and pro- 
cedures  f o r  ACQUISITION of s o f t w a r e  r a t h e r  than DEVELOPMENT of s o f t w a r e ,  
17. The Level A/B Sof tware  Management P l a n  shou ld  r e l y  h e a v i l y  on e x i s t i n g  government 
and i n d u s t r y  s t a n d a r d s  such a s  t h e  new DOD-STD 2167 ( r e f .  2 )  and WEE s t a n d a r d s ,  
18. The l i f e  c y c l e  d e f i n i t i o n  shou ld  expand i t s  scope t o  i n c l u d e  t h e  system front-end 
d e f i n i t i o n  and d e s i g n ,  o p e r a t i o n s ,  and s u s t a i n i n g  e n g i n e e r i n g ,  and t o  s p e c i f y  t h e  
p roduc t s  and reviews r e l e v a n t  t o  each phase. 
19, The Leyel  A/B ~ o ' f t w a r e  Management P l a n  should s p e c i f y  t h e  p o l i c i e s  and procedures  
f o r  d e f i n i n g  and managing t h e  suppor t  sys tem i n t e r f a c e s  and i n t e r o p e r a b i l i t y ,  
such a s  TDRSS, S h u t t l e ,  Miss ion C o n t r o l ,  e t c .  
20, The Level A/B Sof tware  Management P l a n  shou ld  f i r s t  f o c u s  on t h e  a c q u i s i t i o n /  
development methods and languages  and t h e n  choose t h e  t o o l s  t o  suppor t  t h e  
methods f o r  t h e  Software Management Environment. 
21 ,  The Level A/B Sof tware  Management P l a n  shou ld  s p e c i f y  t h e  procedures  f o r  i t s  
t i m e l y  review,  a p p r o v a l ,  and maintenance,  
2 2 ,  The Level A/B Sof tware  Management P l a n  should s p e c i f y  p o l i c i e s  and procedures  
based on l e g a l  and government p o l i c i e s  f o r  managing t h e  s o f t w a r e  on an  i n t e r -  
n a t i o n a l  b a s i s  w i t h  r e s p e c t  t o  p r o p r i e t a r y  i n f o r m a t i o n  and sof tware  and t h e  
e x p o r t  of key US technology.  
23, The Level A/B Software Management P lan  shou ld  a d d r e s s  t h e  p o l i c i e s  and procedures  
f o r  managing t h e  s e c u r i t y ,  s e n s i t i v i t y ,  p r i v a c y ,  and contaminat ion/  
d e s t r u c t i o n  i s s u e s  of so f tware  a c q u i s i t i o n  and ownership.  
24. The Level A/B Software Management P l a n  shou ld  s p e c i f i y  t h e  p o l i c i e s  and pro- 
cedures  Eor t h e  d e c i s i o n  p r o c e s s  and a u t h o r i t y  f o r  d e c i s i o n  making. 
25, The Level A/B Sof tware  Management P l a n  shou ld  s p e c i f y  t h e  p o l i c i e s  and p rocedures  
f o r  i n s u r i n g  non-loss of s o f t w a r e  and con t inuous  o p e r a t i o n s  due t o  i n a d v e r t e n t  
and /or  c a t a s t r o p i c  l o s s  of o p e r a t i o n a l  o r  suppor t  s o f t w a r e .  
26 ,  The Level A/B Software Management P l a n  p o l i c i e s  and p rocedures  shou ld  f o c u s  on 
t h e  management, c o n t r o l ,  q u a l i t y ,  e t c .  of t h e  PRODUCTS as opposed t o  t h e  devel-  
opment p rocess ;  i . e . ,  a c q u i s i t i o n  management as opposed t o  development 
management. 
27. The Level  A/B Software Management P lan  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  
f o r  "designing- to-cost"  as a p o t e n t i a l  a c q u i s i t i o n  s t r a t e g y .  
28,  The Level A/B Sof tware  Management P l a n  shou ld  s p e c i f y  t h e  primary g o a l s  and 
o b j e c t i v e s  of t h e  p l a n s ,  p o l i c i e s ,  and p rocedures .  
29. The Level  A/B Sof tware  Management P l a n  shou ld  s p e c i f y  t h e  p o l i c i e s  and p rocedures  
f o r  o b t a i n i n g  and u t i l i z i n g  s o f t w a r e  a c q u i s i t i o n  e x p e r i e n c e  from p a s t  and f u t u r e  
p r o j e c t s .  
3 0 ,  The Level A/B Software Management P lan  shou ld  s p e c i f y  t h e  p o l i c i e s  and p rocedures  
for e s t a b l i s h i n g  s t a n d a r d i z a t i o n .  
A VIEW OF SOFTWARE IvrANAGEMENT ISSUES 
John H. Manley 
Computing Technology T r a n s i t i o n ,  I n c . ,  
and Nastec Corp. 
FOREWORD 
The following briefing charts have been supplemented with 
post-forum comments to both emphasize and clarify some of the key 
points , 
PRESENTATION TOPICS 
O MANIkGEMENT BRIEFING AND PANEL OBJECTIVES 
0 LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 
O NASA-DEFINED MANAGEMENT ISSUES AND SOLUTIONS 
0 INITIAL REACTION TO NASA PROPOSALS 
O ADDIITIONAL SOFTWARE MANAGEMENT ISSUES 
0 SUMMARY VIEWS OF NASA SOFTWARE MANAGEMENT ISSUES 
O INITIAL RECOMMENDATIONS 
The presentation topics shown here are intended to provide a 
sequence of discussion which sets the stage for the subsequent 
open and closed panel sessions on software management issues. 
The purpose of these sessions is to provide an objective 
industry-oriented critique of NASA-defined management issues 
contained in both reference 1 and the "Preliminary Space 
Station Level A/B Software Management Plan.'' 
MANAGEMENT BRIEFING OBJECTIVES 
O SUMMARY ASSESSMENT OF "SPACE STATION SOFTWARE ISSUES" RE.POR$ 
O CRITIQUE OF ISSUES AND PROPOSED SOLUTIONS 
O ADDITIONAL SIGNIFICANT ISSUES THAT NASA SHOULD CONSIDER 
O RELEVANCE OF ISSUES TO CURRENT R&D IN INDUSTRY AND ACADEIMIA 
O OPENING BRIEFING AND NASA REPORT FORM BASIS FOR DISCUSSION IN 
FIRST CLOSED PANEL SESSION 
The objectives shown here are intended to provide a basis f o r  
initial management panel discussions. During that discussion, 
the other panel members will add to or revise the issues 
contained in this briefing in order to present a comprehensive 
set of issues to the open session attendees for their respomse, 
MANAGEMENT PANEL OBJECTIVES 
O SUMMARIZE AND SUPPLEMENT NASA-DEFINED MANAGEMENT ISSUES 
O PROVIDE INDUSTRY REACTION TO PLANNED POLICIES AND APPROACH 
- REASONABLE? 
- LIKELY TO WORK? 
- ACHIEVE GOAL OF MINIMIZING S O F T M E  
OWERSRIP COST? 








The industry reaction to NASA plans is extremely important 
in helping to identify the relevance of their proposed 
activities to similar steps beinq taken elsewhere, e.g., 
industry organizations such as the MCC in Austin, Texas, and 
the newly proposed Software Productivity Consortium, as 
well as the Department of Defense software initiatives of Ada, 
STmS and the Software Engineering Institute, Since NASA has 
international partners, the U.KQ1s Alvey program, the EEC's 
ESPRIT program, and the Japanese fifth generation computer 
project also have relevance to Space Station software technology, 
This is particularly important with regard to the management of 
new technology transition, or insertion, into Space Station 
during its formative years, 
LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 
- MUST SOLVE COMPLEX PROBLEMS 
- REQUIRES COOPERATIVE LABOR 
- SOLUTIONS OFTEN COUNTERINTUITIVE 
- RIGID DEVELOPMENT AND SUPPORT PROCESSES 
- EXPENSIVE PRODUCTION AND SUPPORT 
- HIGH RISK 
HENCE 
I LARGE SYSTEMS ARE I 
I I 
I VERY DIFFICULTTO MANAGE I 
Space Station is an extremely complex and large undertaking, It 
will contain subsystems containing large to super-large software 
components that must be integrated in a logical manner, Since 
the total arehiteetual design is beyond any single human's 
comprehension, these typical large system problems will be 
encountered by NASA management, The job will be very difficult 
and should be recognized at the outset, 
LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 
(CONTINUED) 
- CONTINUING REQUIREMENTS CHANGES 
- UNEXPECTED GROWTH IN CODE SIZE 
- DOCUMENTATION OVERLOADS 
- HIGH TRAVEL COSTS (BOTH DOLLARS AND TIME) 
- INTEGRATION AND TEST OVERLOADS 
- UNEXPECTEDLY HIGH ERROR RATES 
- POOR HUMAN FACTORS 
- SCHEDULES OUTSIDE OF PROJECT CONTROL 
- DELIVERY MUCH LATER THAN REQUIRED 
- UNSUPPORTED, UNTRAINED SUSTAINING ENGINEERING 
PERSONNEL 
- LOW MORALE AND HIGH TURNOVER 
NASA management can expect to encounter most if not all of the 
problems shown on this list, By anticipating such problems, NASA 
will be better equipped to satisfactorily identify their early 
symptoms, deal with them in an orderly way (perhaps through the 
exercise of contingency plans), and prevent any software crisis 
from disrupting the program. 
LARGE SOFTWARE SYSTEM MANAGEMENT ISSUES 
(CONTINUED) 
0 PRODlJCT MANAGER (S) 
- RESPONSIBILITY 
- AUTHORITY 
- EXPLICIT DELIVERABLES 








0 FLEXIIBILITY IN STANDARDS APPLICATION 
- LARGE VERSUS SMALL PROJECTS 
- NEW VERSUS ENHANCED PROJECTS 
- MULTI-SITE, MULTI-CONTRACTOR DEVELOPMENT 
- DIFFERENT PRODUCT TYPES 
-- SOFTWARE ONLY 
The most important of the "important considerations" shown here 
is the product orientation. By product I mean platforms, 
modules, maneuvering vehicles, and so forth that are dependent 
upon highly reliable, fault tolerant, adaptable software systems, 
Furthermore, since Space Station is composed of a collection of 
fully irktegrated hardware/software/human systems, NASA cannot 
a~tificially separate software from such systems except where it 
makes sense. 
NASA DEFINED MANAGEMENT ISSUES 
0 SOFTWARE MANAGEMENT PLANNING 
- SOFTWAR'E MANAGEMENT PLAN 
- IMPLEMENTATION BY NASA AND CONTRACTORS 
- UPPER MANAGEMENT EDUCATION 
- TRAINING AT ALL LEVELS 
0 INDEPENDENT VERIFICATION AND VALIDATION 
- WHERE SHOULD IV&V BE uSGD? 
- HOW SHOUbD IT BE MECHANIZED? 
- RELATIONSHIP TO SOFTWARE DEVELOPMENT 
ENVIRONMENT 
0 QUALITY ASSURANCE AND CONFIGURATION MANAGEMENT 
- ROLE OF QUALITY ASSURANCE ORGANIZATIONS 
- TRAINING AND PREPARATION 
- LEVEL OF REQUIRED CONFIGURATION CONTROL 
- DEGREE OF NASA INVOLVEMENT 
0 AVOIDING MAJOR SOFTWARE PROBLEMS 
- RISK AVOIDANCE 
- RISK CONTAINMENT 
The issues defined here are what I considered the major topics 
contained in the NASA planning documents. Many other issues were 
defined as well. 
NASA PROPOSED SOLUTIONS 
0 THR.EE-LEVEL MANAGEMENT STRUCTURE WITH ELABORATE PLANNING 
SYSTEM 
O NWSJA SOFTWARE LIFE CYCLE FRAMEWORK 
0 HEA'VY EMPHASIS ON INDEPENDENT VERIFICATION AND VALIDATION OF 
SOFTWARE ( IV&V) 
0 STRINGENT CONFIGURATION CONTROL SYSTEM 
O MAS,&-SPONSORED MANAGEMENT TOOLS AND PRACTICES DATABASE 
These are the key proposals contained in the draft management 
plan, 
The next five figures have been extracted from the NASA draft 
management plan and illustrate the detailed thinking that has 
gone into the planning process. 
This figure and the one on the following page show a three-level 
management structure, from policy naking to software acquisition 
management. A question arises with respect to how clear lines of 
authority and responsibility will be implemented within the very 
complex office structures proposed for the program. What is line 
and what is staff? Who has authority in addition to responsibility? 
LEVEL A: PROGRAM DIRECTION 
5 PROGRAM POLfCY REQUIREMENTS 
SCHEDULE-BUDGET GUIDELINES 
EXTERNAL: POLICY AND AGREEMENTS WITH DOD. 
OSTP, CONGRESS, INTERNATIONAL 
5 NASA-AA INTERFACE AGREEMENTS 
a COMMERCIAL USER INTERFACE AGREEMENTS 




LEVEL C: PROJECT MANAGEMENT 
MANAGES ELEMENT SEbI 
ANALYZESIINCORPORATES USER REQUIREMENTS INTO ELEMENTS 
DEFINES. DEVELOPS, INTEGRATES SYSTEMS ELEMENTS 
a IMPLEMENTS ADVANCED DEVELOPMENT/TECHNOLOGY PROJECTS 
5 PREPARE PROJECT BUDGET. SCHEDULE. AND DOCUMENTATIOM 
Space Station Program organization structure 
and hierarchy 
OFFlCE OF TI-IE 
PROGRAM MANAGER 
I------- 
[ PROCUREMENT INTERNATIONAL 
& LEGAL & EXTERNAL I AFFAIRS OFFICE 
SYSTEM 
+ 
SELl OlFFlCE MANAGEMENT 
LEVEL B 
SOFTWARE MGRI. 
L e v e l  B Space  S t a t i o n  Program 
O f f i c e  s t r u c t u r e  
Space Station Program Software Life Cycle Phase 
The life cycle is very important to NASA for many reasons. 
However, I question the starting point for software in the 
Desiqn Phase. I recommend that software activities be in- 
cluded as early as the Preliminary Requirements Review phase, 
SYSTEM DEVELOPMENT 
PHASES & MILESTONES 
SVSTEM SVSTEM 
SVSTEM PRELIMINARY CRITICAL 
PRELIMINARY SVSTEM DESIGN DESIGN DESIGN 
REQUIREMENTS REQUIREMENTS REVIEW REVIEW REVIEW . SYSTEM 















SOF+WARE S M ~  S/W $/VV SM\c $MI SlVV RETIRE 
($AN) SRR PDR CDR CUSTOMER ACCEPTING 





















PRELIMINARY DESIGN 7 s





3 3 a D S g  
SOFTWARE AND s: 




















S/W MANAGEMENT PLAN B R 1 R 
S/W DEVELOPMENT PLAN B R R 
CONFIG MGMT PLAN B R 
SE & I PLAN B R 
INTERFACE CTL PLAN B R 
SRM & QA PLAN B R 
V & V PLAN B R R 
I V & V PLAN B R R 
FACILITY PLAN B R 
ADP ACQUISITION PLAN B R R 
S/W STANDARDS B R 
REQUIREMENTS LA-A z. - 
S/W CONCEPT DOC B R 
S/W REQUIREMENTS SPEC B D R 
ICD'S B R 
DESIGN 
S/W DESIGN DOC B B R D R 
PROCUREMENT DOC . ?  , . B R 
SUSTAINING ENG. PLAN B R R 
CODE B R D R 
TESTING 
S/W TEST PLAN B R R 
S/W TEST REQUIREMENTS B R 
TRACEABILITY DOC B R R R R D R 
OPERATIONS 
USER'S GUIDE B R D R 
OPERATIONS MANUALS B D R 
VERSION DESCRIPTION DOC B D R 
PROGRAMMER'S HANDBOOK B R D R 
S/W TEST PROCS B R D R 
ACCEPTANCE TEST PROCS. R R R 
REPORTS 
SOFTWARE REVIEW REPORTS X X X X X X X X 
S/W TEST REPORTS X X X X 
SRM 6 QA REPORTS X X X X X X 
CR'S X X X X X X X X 
LESSONS LEARNED X X X X X X X X 
ACCEPT. TEST REPORTS 
:1 
X X X 
* 1 
B: BASELINE X: REPORT MILESTONE 
R: REVISED D: DELIVERABLE 3 
Software Life Cycle Documentation Matrix 
INITIAL REACTION TO NASA PROPOSAL 
O NASA MANAGEMENT APPROACH EMPHASIZES PANELS, COMMITTEES AND 
AN ELABORATE SYSTEM OF PLANS 
O TOO MUCH FAITH IN PLANS ( NOT PAPER GET THINGS DONE) 
0 WHA'T NEEDS TO BE ADDED: 
- ASSIGN RESPONSIBILITY FOR 
- MAKE PEOPLE FOR THEIR DELIVERABLES 
- INSTALL A SOFTWARE TO KEEP TRACK 
OF THEIR PROGRESS 
- ASSIGN RESPONSIBILITIES FOR TAKING POSITIVE 
- MANAGE THE RESPONSIBLE 
My initial reaction to NASAss planning approach is that they have 
spent considerable time defining their problems. Furthermore, 
they have proposed to solve these problems through an elaborate 
system of plans to be implemented by a complex of offices, panels 
and committees. My visceral reaction to this approach is that 
there mnight be an overemphasis on "paper" and not enough on 
"people," By this I mean the list of items above under "what 
needs to be added," 
Of most importance is identifying specific people to carry out 
Space Station software acquisition/development and support 
responsibilities and giving them the resources and necessary 
authority to carry out their jobs effectively. 
In addition, these people must be managed to include the 
installation and use of an accounting system so that problems 
(and successes) can be quickly identified and corrective actions 
expeditiously initiated whenever and wherever needed. 
The fundamental point is that, although the planning effort so 
far looks good on the surface due to the great attention to 
detail in organization and documentation, the ultimate key to 
success will Pie in NASA's effective use of people. 
INITIAL REACTION TO NASA PROPOSAL 
(CONTINUED) 
0 PROPOSED NASA SOFTWARE LIFE CYCLE FRAMEWORK IS ESSENTIAL 
- FORCES CONSCIOUS DECISION MAKING 
- INTEGRATES/INTERRLATES FUNCTIONS (SOFTWARE 
DEVELOPMENT, HARDWARE ENGINEERING, BUDGETIE(IGI 
SUPPORT, etc . ) 
- IMPROVES PREDICTABILITY 
- HELPS QUANTIFY RISKS 
-- SCHEDULES 
-- DEPENDENCIES OR EXPOSURES 
-- TECHNOLOGY NEEDS 
- BETTER CONTROL OF EXTERNAL COMMITMENTS 
The NASA software life cycle framework as proposed in the draft 
management plan is excellent and essential due to the points 
outlined here. 
INITIAL REACTION TO NASA PROPOSAL 
(CONTINUED) 
0 NASA EMPHASIS ON IV&V GOOD BUT STARTS TOO LATE IN THE LIFE 
CUCtLE 
- CAN NOT TEST IN QUALITY 
- MUST VERIFY DESIGN IDEAS EARLIER IN PROCESS 
- SOFTWARE MANAGER MUST BE INVOLVED IN SYSTEM 
REQUIREMENTS ANALYSIS AND EARLY DESIGN DECISIONS 
0 QUEiSTIONS TO ANSWER DURING PRODUCT CONCEPTUAL PLANNING 
- WHAT IS IT? WHO WILL USE IT? WHEN? WHY? 
- PRODUCT STRATEGY 
0 QUElSTIONS TO ANSWER DURING PRODUCT REQUIREMENTS DEFINITION 
- WHAT MUST IT DO? HOW WILL IT BE DESIGNED? 
- WOW WILL IT BE DEVELOPED? SERVICED? 
- COST AND SCHEDULE ESTIMATES 
- FINANCIAL AND WORK PLAN 
- INITIAL HARDWARE/SOFTWARE ALLOCATION 
With regard to NASA's heavy emphasis on independent verification 
and validation of software, I agree with the approach due to the 
special requirements for ultra-reliable spaceborne system 
software. 
On the other hand, IV&V should be started much earlier than 
proposed to address the issues raised on this chart. 
INITIAL REACTION TO NASA PROPOSAL 
(CONTINUED) 
CONFIGURATION CONTROL 
O NASA EMPHASIS ON CONFIGURATION CONTROL CORRECT 
O AREAS FOR IMPLEMENTATION (NASA AND ALL CONTRACTORS) 
- SOFTWmE CHANGE CONTROL 
- DOCUMENT CONTROL 
- RELEASE CONTROL 
- LIBRARY CONTROL 
NASA cannot put too much emphasis on configuration control, 
However, they must ensure that such activities not be restricted 
to controlling code alone, but also to documents, releases as 
entities, and even the libraries themselves. 
INITIAL REACTION TO NASA PROPOSAL 
(CONTINUED) 
TOOLS AND PRACTICES DATABASE 
0 NASA--SPONSORED SOFTWARE MANAGEMENT TOOLS AND PRACTICES 
DATABASE AND INFORMATION RETRIEVAL SYSTEM 
- WHO WILL USE THIS OTHER THAN RESEARCHERS? 
- HOW WILL THIS HELP MANAGERS? 
O NICE IDEA BUT VERY LOW LEVERAGE ITEM IN GETTING THE JOB DONE 
0 CHANNEL ENERGIES TO SUPPORT THESE FUNCTIONS INSTEAD 
- PHASE REVIEW DOCUMENTATION SUPPORT SYSTEM 
- DISTRIBUTED FAULT ANALYSIS AND REPAIR 
- DISTRIBUTED INTEGRATION SUPPORT 
- DISTRIBUTED FIELD MAINTENANCE SUPPORT 
- DEVELOPMENT TOOL DISTRIBUTION 
0 AND .,, DEVELOPING THESE COMMUNICATION BUILDING BLOCKS 
- TERMINAL ACCESS 
- INFORNATION TRANSFER 
- FILE TRANSFER 
- DISTRIBUTED EXECUTION 
The sof.&ware management tools and practices database is primarily 
a research oriented effort that should be left to the research 
communi.ky to carry out (especially if requested by NASA), The 
talents required to perform this proposed effort are too valuable 
to use in building a product that has a high probability of not 
being used by its intended customers, i,e,, real world program, 
project and software engineering managers, 
I suggest that NASA channel the energies of its talented database 
technicians into the functions outlined on the chart, to include 
developing some of the very formidable communication technology 
components indicated. These real products are vitally needed to 
support the extremely important configuration control systems 
cited previously. 
ADDITIONAL MANAGEMENT ISSUES 
0 SOFTWARE ACQUISITION POLICIES AND PRACTICES 
- RIGHTS IN DATA 
- SECURITY 
- INCENTIVES 
- SUBCONTRACTOR CONTROL 
- ACCEPTANCE PROCESS 
- WARRANTIES 
0 STANDARDIZATION 
- LIFE CYCLE PROCESS 
- CONTRACTING 
- COST AND SCHEDULE REPORTING 
- PROGRAM REVIEWS AND AUDITS 
0 GOVERNMENT FURNISHED MATERIALS 
- SOFTWARE DEVELOPMENT 
- SUSTAINING ENGINEERING 
0 PRODUCT CONTROL 
- ARCHITECTURAL CONTROL 
- VERSION CONTROL 
- INTERFACE CONTROL 
This is simply a partial but very important list of more issues 
that NASA Space Station software management must be concerned 
with. Each one was elaborated in the original briefing and in 
the panel discussions that followed. 
SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 
NASA's PRIMARY CHALLENGE 
I I 
I SOFTWARE ACQUISITION WNAGEMENT I 
I I 
0 MAJOR ACTIVITIES 
- SPECIFYING CONTRACTUAL REQUIREMENTS 
- PREPARING REQUESTS FOR PROPOSALS 
- REVIEWS AND AUDITS 
- ACCEPTANCE TESTING AND INSTALLATION 
O DISCIPLINES REQUIRED 
- PROGRAM MANAGEMENT 
- SYSTEM AND SOFTWARE ENGINEERING 
- CONTRACT MANAGEMENT 
- TEST AND EVALUATION 
- COST MANAGEMENT 
- LOGISTICS 
mat is NASA's primary Space Station software management 
challenige? It% not building software in house as in the past, 
it's no% developing new software technologies or, in short, 
solving a traditional NASA engineering problem. These are all 
importa.nt, but not the real problem. 
The primary challenge is to develop effective means for NASA to 
manage the development of software by contractors on a massive 
and geolgraphically dispersed basis. This will also include the 
management of hundreds of subcontractors. 
Therefore, the activities that NASA management must be primarily 
corneern~ed with are the activities shown here. This requires a 
multiplicity of disciplines, most of which are not software 
engineering per see 
SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 
(CONTINUED) 
NASA SOFTWARE ACOUISITION CHALLENGES 
0 ESTABLISHING TECHNICAL AND HUMAN PERFORMANCE REQUIREMENTS 
0 ESTABLISHING CRITERIA FOR SOFTWARE DESIGN VERIFICATION 
0 ESTABLISHING CRITERIA FOR SOFTWARE ACCEPTANCE 
0 CONTROLLING SOFTWARE ACQUISITION COSTS AND SCHEDULES 
0 MINIMIZING DECISION CYCLE TIMES 
0 PROMOTING AND ENFORCING SOFTWARE ENGINEERING PRACTICES 
0 CONTRACTUALLY SUPPLYING TOOLS TO CONTRACTORS 
0 DEALING WITH POOR CONTRACTOR PERFORMANCE 
0 ESTABLISHING CONTRACTOR INCENTIVES 
0 DEVELOPING A CRITICAL MASS OF SOFTWARE EXPERIENCED ACQUISITION 
PERSONNEL 
In my opinion, these are NASA's primary software management 
challenges. Since software acquisition (not in-house 
development) is the central issue, NASA must undergo a rapid 
cultural change from a scientific and engineering oriented 
organization to become an astute buyer of software. 
SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 
(CONTINUED) 
SPECIAL PROBLEM AREA 
I I 
I COST ACCOUNTING AND CONTROL I 
I I 
0 TYPICALLY DIFFICULT FOR SOFTWARE CONTRACTORS TO COMPLY 
- EMPHASIS ON MANUFACTURING COSTS 
- COST CENTER ORIENTATION RATHER THAN PRODUCT OR 
PROJECT 
- NO SEPARATION OF HARDWARE AND SOFTWARE COSTS IN 
ENGINEERING ORGANIZATIONS 
- LITTLE SOFTWARE HISTORICAL COST INFORMATION 
0 BENEFITS FROM A WELL-DESIGNED (AND IMPOSED) COST SYSTEM 
- PROMOTION OF RESPONSIBILITY ACCOUNTING 
- PROJECT AND LIFE CYCLE PHASE COST IDENTIFICATION 
- COST AND SCHEDULE MORE PREDICTABLE (WHEN COUPLED 
WITH A PROJECT CONTROL SYSTEM) 
- BASIS FOR METHOD AND TOOL IMPROVEMENT DECISIONS 
The essence of this special area is that most software 
contractors will be subcontracted to primes that build hardware 
systems, As a result, NASA will be managing software acquistions 
in the form of component parts of larger syste?ms. This presents 
a major cost control challenge. 
From MA!3A1s perspective, it will be very difficult to gain 
insight into what is happening within contractor organizations 
unless special efforts are taken to develop and impose software 
cost accounting and control systems on the suppliers. This is a 
problem the Department of Defense has been grappling with for 
over a decade. NASA should take advantage of their lessons 
learned and current solutions through their STARS program 
interface to achieve the benefits shown above. 
SUMMARY VIEW OF SOFTWARE MANAGEMENT ISSUES 
I BOTTOM LINE I 
I 1 
I ESSENTIAL REQUIREMENTS I 
0 TOP LEVEL PRODUCT PTaM (AND ASSOCIATED DOCUMENTATION AND 
FUNCTIONAL PLANS 
- DEFINE ACTIVITIESf SCHEDULESf RESPONSIBILITIESf 
DELIVERABLES 
- ADDRESS BUSINESS AND TECHNICAL ISSUES 
0 PRODUCT LIFE CYCLE PROCESS FRAMEWORK 
- DISCRETE PHASES AND STEPS: ' . ' 
- EACH STEP COMPLETED BEFORE PROCEEDING (TO 
INCLUDE INTERATIONS FOR CORRECTIVE ACTIONS) 
- SOFTWARE INCLUDED IN EARLY SYSTEM PLANNING 
0 MANAGEMENT PHASE REVIEW PROCESS - 
,L A , '  
- FORMAL CHECKPOINTS 
- CONSCIOUS DECISIONS 
- ESCALATION OF MANAGEMENT ISSUES 
- ACTIVE APPROVAL TO PROCEED 
NASA must have a top level product plan which is deliverable 
oriented to identify the tangible items they are trying to 
acquire. The life cycle framework is required to form a basis 
for that approach and also a structured management review process 
to control contractor activities. All of this is used to ensure 
that timely decisions can be made to contain risks and keep Space 
Station plans on track. 
This leads to my personal recommendations on the next page. 
INITIAL RECOMMENDATIONS 
- ESTABLISH MANAGEMENT DISCIPLINE AS A 
STANDARD BUSINESS PRACTICE 
- SYSTEMATICALLY BREAK DOWN WORK AND DEFINE 
EXPLICIT WITH CRITERIA FOR 
THEIR SUCCESSFUL COMPLETION 
- DESIGNATE SPECIFIC FUNCTIONAL AND WORK PACKAGE 
- PUT NECESSARY INTO PLACE TO CARRY OUT 
RESPONSIBILITIES 
- PROVIDE MANAGERS WITH AUTHORITY TO CARRY OUT 
THEIR RESPONSIBILITIES 
- ENSURE THAT ARE USED 
- PARTICIPATE IN PHASE REVIEWS AND TAKE 
- TAKE TIMELY TO MEET 
OBJECTIVES 
ISSUES AND RECOmENDED ACTTONS 
1. ISSUE: Level A/B Software Management P l a n  
The d r a f t  Level A/B Software Management P lan  (SMP) does no t  a d d r e s s  s e v e r a l  i t ems  
e i t h e r  a t  a l l  o r  wi th  t h e  p roper  emphasis. 
RECOMMENDED ACTION: 
The s t r u c t u r e  of t h e  Software Management P l a n  shou ld  be modif ied t o  provide an  e a s i l y  
i d e n t i f i a b l e  p l a c e  f o r  a l l  t h e  i s s u e s  t o  be addressed  and g i v e n  t h e  p roper  emphasis ,  
Table  1 c o n t a i n s  t h e  recommended Table of Contents  f o r  t h e  Level A/B Software Manage- 
ment P l a n ,  produced by pane l  consensus.  Table 2 c o n t a i n s  t h e  recommended Table of 
Contents  submi t t ed  by Robert  B r a s l a u  of TRW wi thou t  t h e  b e n e f i t  oE t h e  o t h e r  panel  
members' review and comment. The pane l  recommends t h a t  t h e  Level A/B Software Man- 
agement P l a n  be modif ied and r e w r i t t e n  fo l lowing  t h e  Table of Contents  provided i n  
Table 1. 
IMPACTS REVISED SMP SECTIONS: A l l  
2. ISSUE: I n t e r d i s c i p l i n a r y  I n t e r f a c e s  
The Space S t a t i o n  is  a l a r g e ,  complex system composed of many subsystems,  It i s  im-  
p o r t a n t  t h a t  t h e  r e l a t i o n s h i p s  of s o f t w a r e  t o  t h e  subsystems,  o v e r a l l  syst:em, and 
o t h e r  d i s c i p l i n e s ,  such  as ground u s e r s ,  be w e l l  d e f i n e d ,  and t h a t  controlk mechanisms 
and r e s p o n s i b i l i t i e s  be developed. 
RECOMMENDED ACTION: 
A program t h i s  l a r g e  and complex must have wel l -def ined i n t e r f a c e s  and c o n t r o l  mech- 
a n i z a t i o n s  which should be e x p l i c i t l y  i d e n t i f i e d  i n  t h e  Software Management P l a n .  
IMPACTS REVISED SMP SECTION: 3.2 
3. ISSUE: Software I n h e r i t a n c e  
There i s  a major o p p o r t u n i t y  t o  s i g n i f i c a n t l y  reduce c o s t  and i n c r e a s e  r e l i a b i l i t y  of 
Space S t a t i o n  sof tware  i f  e x i s t i n g  NASA s o f t w a r e  can be reused  o r  modif ied,  Even u s e  
of e x i s t i n g ,  proven s o f t w a r e  d e s i g n  documentation i s  more c o s t  e f f e c t i v e  when t h e  
a c t u a l  s o f t w a r e  i t s e l f  i s  i m p r a c t i c a l  t o  t r a n s p o r t  d i r e c t l y .  Obviously,  many eon- 
s i d e r a t i o n s  w i l l  impact t h e  p r a c t i c a l i t y  of such r e u s e .  
New computers and a new language,  among o t h e r  c o n s i d e r a t  i o n s ,  w i l l  c e r t a i n l y  com- 
p l i c a t e  t h e  i s s u e .  However, w i t h  no p o l i c y ,  it is  c l e a r  t h a t  even an  a t t empt  a t  
s a l v a g e  w i l l  l i k e l y  not  occur .  
I n  reviewing p o t e n t i a l  a p p l i c a t i o n s ,  i t  is  probab le  t h a t  t h e  h i g h e s t  l ike l - ihood  f o r  
r e u s a b i l i t y  w i l l  occur  at  t h e  ends of t h e  spectrum - major systems l i k e  mfss ion con- 
t r o l  and o r b i t  d e t e r m i n a t i o n  - o r  a t  t h e  s u b r o u t i n e  l e v e l ,  u s u a l l y  i n  s t a n d a r d  sup- 
p o r t  f u n c t i o n s  o r  s p e c i f i c  a l g o r i t h m s .  
Addi t iona l ly ,  i f  a common language is used f o r  Space S t a t i o n  development, opportuni- 
t i e s  should be examined even among new app l i ca t ions  t o  s e e  i f  p o t e n t i a l  redundancy 
can be e l imina ted  by b e t t e r  organiza t ion  and planning of a c q u i s i t i o n s .  As a f i n a l ,  
obvious poin t ,  commercial sof tware packages could be t h e  most cos t  e f f e c t i v e  way of 
a l l  I F  they apply and a r e  va l ida t ed ,  and i f  t h e  support  and p rop r i e t a ry  considera- 
t i o n s  can be worked out .  
RECOMMENDED ACTION: 
The Software Management Plan should address  t h e  reuse ,  i n h e r i t a n c e ,  and co-existence 
with e x i s t i n g  software.  A po l icy  should encourage the maximum reuse of e x i s t i n g  
software through cos t  t rade-of fs  of requirements and design involving cu r ren t  cap- 
a b i l i t i e s ,  programs, and f a c i l i t i e s ;  t he  use of commercial vendor supported products  
when appropr ia te ;  and the  d e f i n i t i o n  of i n t e r f a c e s  t o  preserve cu r r en t  i n t e r f a c e s  t o  
permit continued j o i n t  use of e s t a b l i s h e d  space d a t a  systems and communications a s  an  
opt ion.  Waivers t o  documentation requirements would be permit ted where supplements 
t o  e x i s t i n g  documents would s u f f i c e  f o r  s l i g h t l y  modified o r  commercial products .  
Software s tandards  should be w r i t t e n  t o  encourage the  f u t u r e  reuse  of sof tware 
modules. Exis t ing  rou t ines  and t o o l s  should be s e l e c t e d  and co l l ec t ed  i n t o  a Space 
S t a t i o n  program-wide l i b r a r y  with easy access  and r e l a t e d  support .  
IMPACTS REVISED SMP SECTION: 2.10 
4. ISSUE: Cos t /Schedule /~echnica l  Controls  
The a b i l i t y  t o  con t ro l  a software e f f o r t  of t h e  s i z e  and magnitude of t he  Space 
S t a t i o n  r equ i r e s  management t o  e s t a b l i s h  a measurement system t o  a l low it t o  r e l a t e  
t echn ica l  progress  t o  cos t  and schedule performance throughout t he  developmental l i f e  
cycle .  The measurement system, once e s t a b l i s h e d ,  would provide managers with t h e  
a b i l i t y  t o  s t a t u s  where they  a r e  and determine what resources it would t ake  t o  r ea l -  
i z e  t h e i r  plans.  The measurement system would provide managers wi th  t imely v i s i -  
b i l i t y  i n t o  a c t u a l  performance us ing  a combination of proven, earned-value, and 
var iance  r epo r t ing  techniques. Technical performance measures would be e s t a b l i s h e d ,  
t racked ,  and repor ted  a s  a means t o  a s s e s s  t r ends  and reduce r i s k .  
RECOMMENDED ACTION: 
The Software Management P lan  should spec i fy  p o l i c i e s  and procedures f o r  c o n t r o l l i n g  
c o s t ,  schedule,  and t echn ica l  performance of t h e  software e f f o r t .  
IMPACTS REVISED SMP SECTIONS: 2.11, 5.1, 5.2, 7.0 
5. ISSUE: Risk Management 
The Software Management P lan  does not address  t h e  management of RISK. There a r e  no 
p o l i c i e s ,  procedures,  o r  provis ions  f o r  t h e  i d e n t i f i c a t i o n ,  r epo r t ing ,  c o n t r o l l i n g ,  
reso lv ing ,  o r  avoidance of r i s k  i tems. 
RECOMMENDED ACTION: 
The Software Management P l a n  shou ld  be modif ied t o  i n c l u d e  p o l i c i e s  and p.rocedures 
f o r  proper  p lann ing ,  e a r l y  d e t e c t i o n ,  and r e s o l u t i o n  ( r i s k  a v o i d a n c e ) ,  as w e l l  a s  f o r  
t h e  i d e n t i f i c a t i o n ,  r e p o r t i n g ,  c o n t r o l l i n g ,  and r e s o l u t i o n  of r i s k  i tems.  There 
shou ld  be a  t o p  l e v e l  p o l i c y  on t h e  e s t a b l i s h m e n t  and u t i l i z a t i o n  of r e s e r v e s  
( d o l l a r s ,  s t a f f ,  s c h e d u l e ,  f a c i l i t i e s ,  and o t h e r  r e q u i r e d  r e s o u r c e s ) .  
IMPACTS KEVISED SMP SECTIONS: 2.6, 10.0 
6. ISSUE: Technica l  Performance Measurement (TPM) 
The Software Management P lan  does n o t  s p e c i f y  any p o l i c i e s  o r  p rocedures  f o r  
a c q u i r i n g / d e v e l o p i n g  soEtware t h a t  i s  des igned  and c o n s t r u c t e d  i n  a  c o s t - e f f e c t i v e  
manner o r  t h a t  meets t h e  r e q u i r e d  t e c h n i c a l  performance of t h e  Space S t a t i o n  system,  
RECOMMENDED ACTION: 
The Software Management P l a n  shou ld  s p e c i f y  t h e  p o l i c i e s  and procedures  f o r  e s t a b -  
l i s h i n g  t e c h n i c a l  perEormance i tems (e.g. ,  s o f t w a r e  e x e c u t i o n  t i m e ,  p r e c i s i o n ,  memory 
usage ,  CPU u t i l i z a t i o n ,  s t o r a g e  u t i l i z a t i o n ,  r esponse  t i m e ,  e t c . ) ,  t h e i r  measurement, 
r e p o r t i n g  of a c t u a l s  v e r s u s  requ i rements ,  and r e s o l u t i o n  of nonconformance. The 
p o l i c i e s  and procedures  shou ld  a d d r e s s  a c q u i s i t i o n  p r a c t i c e s  f o r  e s t a b l i s h i n g  con- 
t r a c t  i n c e n t i v e s  t h a t  w i l l  h i g h l y  mot iva te  c o n t r a c t o r s  t o  meet s p e c i f i e d  t e c h n i c a l  
performance requ i rements .  
IMPACTS REVISED SMP SECTIONS: 2.12, 5.2 
7. ISSUE: Software Engineer ing 
The procurement p o l i c i e s  need t o  be expanded and d e t a i l e d  r e g a r d i n g  c o n t r a c t o r  ad- 
herence t o  e s t a b l i s h e d  s o f t w a r e  e n g i n e e r i n g  ( sof tware  d e s i g n ,  coding and v e r i f i c a -  
t i o n ,  p r i n c i p l e s  and p rocedures ) .  S p e c i f i c  s o f t w a r e  e n g i n e e r i n g  p r i n c i p l e s  and 
p r a c t i c e s  should be s p e c i f i e d .  
RECOMMENDED ACTION: 
The Software Management P l a n  shou ld  emphasize q u a l i t y  s t a n d a r d s  c o n s i s t e n t  w i t h  t h e  
so f tware  ca tegory  which are d e r i v e d  from c r i t i c a l i t y  of use  and p o t e n t i a l  consequ- 
e n c e s  of e r r o r s .  Software p o l i c i e s  shou ld  be f l e x i b l e  enough t o  accommodate new 
paradigms as t h e y  become accep ted  i n d u s t r y  p r a c t i c e .  The p o l i c i e s  should  encourage 
t h e  use  of mathemat ica l ly  based l o g i c a l  deduc t ion  f o r  t h e  requirements  and d e s i g n  
v e r i f i c a t i o n  of c r i t i c a l  so f tware  k e r n e l s .  Use of p r o t o t y p i n g  and e v o l u t i o n a r y  
development methods as w e l l  a s  d e s i g n  language based s o f t w a r e  d e s c r i p t i o n s  shou ld  be 
pe rmi t t ed .  The s t a t e  of s o f t w a r e  e n g i n e e r i n g  shou ld  be r e a s s e s s e d  p e r i o d i c a l l y  
throughout  t h e  Space S t a t i o n ' s  e x i s t a n c e  t o  encourage t h e  u s e  of t h e  most advanced 
p r a c t i c e s  and d i scourage  o b s o l e t e  p r a c t i c e s ,  where o p e r a t i o n a l l y  v i a b l e  and c o s t  
e f f e c t i v e .  
IMPACTS REVISED SMP SECTIONS: 2.20,  4.3 
8, ISSUE: Software M a i n t a i n a b i l i t y  
It is  w e l l  e s t a b l i s h e d  t h a t  t h e  c o s t  of m a i n t a i n i n g  ( e v o l v i n g )  so f tware  d u r i n g  con- 
t i n u i n g  o p e r a t i o n s  f a r  exceeds  t h e  o r i g i n a l  development c o s t .  F u r t h e r ,  t h e  p lann ing  
r e q u i r e d  t o  both  adequa te ly  p repare  f o r  t h e  maintenance phase and e n s u r e  t h a t  t h e  
developed piroduct i s  b u i l t  w i t h  m a i n t a i n a b l i t y  c h a r a c t e r i s t i c s  i n  mind must be ac- 
complished b e f o r e  t h e  a c t u a l  development is  i n i t i a t e d .  
Because of t h e  p r o j e c t e d  l o n g  l i f e  of t h e  Space S t a t i o n  Support  Systems, i n c l u d i n g  
s o f t w a r e ,  t h e  i s s u e  of so f tware  s u s t a i n i n g  e n g i n e e r i n g  (maintenance) must be con- 
s i d e r e d  dur ing  t h e  p lann ing  and a c q u i s i t i o n  phases .  To accomplish t h i s ,  two a s p e c t s  
of so f tware  m a i n t a i n a b i l i t y  must be inc luded  i n  t h e  Sof tware  Management P l a n  p roper  
p o l i c y  regard ing  t h e  c o n s i d e r a t i o n  of s o f t w a r e  m a i n t a i n a b i l i t y  c h a r a c t e r i s t i c s  d u r i n g  
a c q u i s i t i o n ,  
a .  The a c q u i r i n g  agency f o r  t h e  s o f t w a r e  should be r e q u i r e d  t o  p repare  a Sof tware  
Support P lan  p r i o r  t o  implementing a c q u i s i t i o n  a c t i v i t i e s .  Th i s  p l a n  w i l l  
i n c l u d e  t h e  p r o j e c t e d  p l a n s  and requ i rements  f o r  post-development suppor t  of 
t h e  s o f t w a r e  t o  be a c q u i r e d .  It w i l l  d i s c u s s  t h e  p r o j e c t e d  suppor t  s t r a t e g y ,  
t h e  need f o r  s p e c i a l  t o o l s  and f a c i l i t i e s  d u r i n g  t h e  s u s t a i n i n g  e n g i n e e r i n g  
phase and t h e  r e s t r i c t i o n s  o r  requirements  t o  which t h e  developing o r g a n i z a t i o n  
must adhere  t o  a s s u r e  t h e  most c o s t  e f f e c t i v e  and e f f i c i e n t  post-development 
maintenance and e v o l u t i o n  of t h e  product .  I n c l u s i o n  of t h e s e  c h a r a c t e r i s t i c s  
i n  a  Software Development Standard o r  guidebook which could  be e x t r a c t e d  and 
t a i l o r e d  t o  t h e  needs of a  s p e c i f i c  implementat ion might be t h e  most e f f e c t i v e  
method t o  ach ieve  u n i f o r m i t y  and completeness.  
b. During a c q u i s i t i o n ,  t h e  a c q u i r i n g  agency must c o n s i d e r  and i n c l u d e  as re-  
quirements  i n  t h e i r  s p e c i f i c a t i o n  t h o s e  e lements  of " b u i l t - i n "  s o f t w a r e  
m a i n t a i n a b i l i t y  deemed c r i t i c a l  t o  t h e  p roduc t .  
R E C O m N D E D  ACTION: 
The Sof tware  Management P l a n  should have a  s e c t  i o n  on sof  tware m a i n t a i n a b i l i t y  
i s s u e s .  This  s e c t i o n  should r e q u i r e  t h a t  a  Software Support  P lan  be developed and 
approved p r i o r  t o  i n i t i a t i o n  of a c q u i s i t i o n  a c t i v i t i e s .  Th i s  p l a n  shou ld  d e f i n e  t h e  
planning and p r o j e c t e d  requ i rements  f o r  post-development suppor t  of t h e  proposed 
sof tware  and should provide guidance t o  t h e  a c q u i r i n g  o r g a n i z a t i o n  on t h e  mainta in-  
a b i l i t y  c h a r a c t e r i s t i c s  t o  be inc luded  dur ing  product  development. 
IMPACTS REVISED SMP SECTIONS: 2.7, 6.2 
9 ,  ISSUE: Independent V e r i f i c a t i o n  and V a l i d a t i o n  
An independent v e r i f i c a t i o n  and v a l i d a t i o n  ( I V & V )  o r g a n i z a t i o n  t o  o b j e c t i v e l y  a s s e s s  
the t e c h n i c a l  i n t e g r i t y  of deve loper  p roduc t s  c o n t i n u o u s l y  throughout  t h e  s o f t w a r e  
development p rocess  shou ld  be s e l e c t i v e l y  used t o  minimize t h e  c o s t  and maximize t h e  
e f fec t ivenes : ;  of t h e  a c t i v i t y .  By f o c u s i n g  on c r i t i c a l i t y ,  Space S t a t i o n  management 
can d i r e c t  t h e  a t t e n t i o n  of t h e  IV6V o r g a n i z a t i o n  t o  t h e  a r e a s  where t h e y  g e t  t h e  
l a r g e s t  r e t u r n  on t h e i r  inves tment .  
RECOMMENDED ACTION: 
The p o l i c i e s  on I V & V  i n  t h e  Software Management P l a n  shou ld  be t a i l o r e d  t o  s e l e c t i v e  
use a r i s i n g  Erom c r i t i c a l i t y  c r i t e r i a .  
IMPACTS REVISED SMP SECTIONS: 2.9, 7.0, 8.0 
10. ISSUE: Firmware 
The a p p l i c a b i l i t y  of t h e  Software Management p l a n  t o  a l l  forms of "firmwalre" needs  t o  
be s p e c i f i e d ,  both  f o r  so f tware  e n g i n e e r i n g  i s s u e s  and f o r  s o f t w a r e  management 
procedures .  
RECOMMENDED ACTION : 
The Software Management P l a n  shou ld  e s t a b l i s h  development,  p r o d u c t i o n ,  and mainte- 
nance p o l i c i e s  a d d r e s s i n g  firmware. These p o l i c i e s  shou ld  acknowledge arid hand le  
b o t h  permanent and modi f i ab le  PROMS. Newly developed o r  modif ied firmware shou ld  be 
t r e a t e d  as sof tware  u n t i l  q u a l i E i c a t i o n  o r  accep tance ,  and t r e a t e d  a s  hardware t h e r e -  
a f t e r .  The sof tware  suppor t  environment should i n c l u d e  t h e  t o o l s  t o  suppor t  firm- 
ware. Conf igura t ion  management should i n c l u d e  t h e  hand l ing  of f irmware,  and documsn- 
t a t i o n  shou ld  be mainta ined t o  d e s c r i b e  i t s  d e s i g n  based on t h e  degree  of c r i t i c a l i t y  
of t h e  embedded component. 
IMPACTS REVISED SMP SECTIONS: 2.14, 4.4 
11. ISSUE: Software Q u a l i t y  
The Software Management P l a n  should a d d r e s s  modern approaches ,  f o c u s i n g  on q u a l i t y  as 
p a r t  of t h e  procurement p r o c e s s ,  and shou ld  d e f i n e  t h e  c o n t r a c t  development and NASA 
procedures  f o r  f o c u s i n g  on e a r l y  s t a t i s t i c a l  assessment  of so f tware  "goodness". The 
b e n e f i t s  of e a r l y  a t t e n t i o n  t o  good sof tware  e n g i n e e r i n g  are very  s i g n i f i c a n t  i n  a 
long- l i f e -cyc le  sys tem (30 y e a r s ) .  
RECOMMENDED ACTION: 
Emphasize so f tware  q u a l i t y  i n  new paradigms made p o s s i b l e  by new t e c h n o l o g i e s .  
Def ine  procurement p o l i c i e s  f o r  so f tware  development under s t a t i s t i c a l  q u a l i t y  con- 
t r o l  u s i n g  mathematics-based sof tware  e n g i n e e r i n g .  Expand IV&V technology t o  provide 
s t a t i s t i c a l  q u a l i t y  measurements of s o f t w a r e ,  i n c l u d i n g  c e r t i f i e d  e s t i m a t e s  of mean 
t ime t o  f a i l u r e  (MTTF) and expec ted  c o r r e c t i o n s  r e q u i r e d  (ECR) f o r  t h e  l i f e  of de- 
l i v e r e d  sof tware  p roduc t s .  Use IV&V i n  inc rementa l  development t o  provide e a r l y  
e s t i m a t e s  of so f tware  q u a l i t y  and t o  permit  c o r r e c t i v e  a c t i o n  i n  s o f t w a r e  development 
where r e q u i r e d .  Cont inuously  a s s e s s  new o p p o r t u n i t i e s  i n  s o f t w a r e  technology t o  pro- 
c u r e  h i g h e r  q u a l i t y  so f tware .  
IMPACTS REVISED SMP SECTIONS: 2.5, 7.0 
12. ISSUE: Mainstream I n t e g r a t i o n  
The c u r r e n t  NASA concern f o r  h i g h l i g h t i n g  and emphasizing s o f t w a r e  i s s u e s  d u r i n g  
Space S t a t i o n  development is  c o r r e c t  and i s  key t o  s u c c e s s f u l  Space S t a t i o n  
implementat ion.  However, c a r e  must be e x e r c i s e d  t o  ensure  t h a t  t h i s  i n c r e a s e d  
concern f o r  so f tware  does not d e s t r o y ,  c o n f l i c t  w i t h ,  o r  i n t e r f e r e  w i t h  t h e  
management of t h e  sys tem c o n t e x t  i n  which t h e  s o f t w a r e  must o p e r a t e .  
RECOMMENDED ACTION: 
1 ,  Ensure t h a t  sys tem s p e c i f i c a t i o n s  a r e  complete i n  t h e  sys tems c o n t e x t ,  i n c l u d i n g  
both  hardware and s o f t w a r e  i m p l i c a t i o n s .  
2 .  Main ta in  c o n s o l i d a t e d  c o n f i g u r a t i o n  c o n t r o l  of t h e  b a s e l i n e d  system s p e c i f i c a t i o n  
and e n s u r e  t h a t  s o f t w a r e  changes a r e  reviewed by t h e  c o n t r o l  board r e s p o n s i b l e  
f o r  sys tem s p e c i f i c a t i o n  i n t e g r i t y .  
3 ,  Main ta in  c o n s o l i d a t e d  i n t e r f a c e  c o n t r o l  f o r  t h e  t o t a l  e v o l v i n g  system, i n c l u d i n g  
sof tware .  
4 .  During product  (sys tem) i n t e g r a t i o n ,  e n s u r e  t h a t  t h e  s o f t w a r e  deve lopers  a r e  
c o n t r a c t u a l l y  r e q u i r e d  t o  suppor t  t h e i r  product .  
5.  Provide Eor a s i n g l e  a u t h o r i t y  d u r i n g  system t e s t i n g  who h a s  management c o n t r o l  
over  a l l  e l ements  being i n t e g r a t e d ,  i n c l u d i n g  s o f t w a r e ,  t o  e n s u r e  r e s p o n s i v e  
a c t i o n  t o  anomaly d e t e c t i o n ,  i s o l a t i o n ,  and c o r r e c t i o n .  
IMPACTS REVISED SMP SECTIONS: 1 -0 ,  3.1 
13, ISSUE: T a i l o r i n g  
The Space S t a t i o n  w i l l  produce many d i f f e r e n t  t y p e s  of s o f t w a r e ,  each w i t h  a d i f -  
f e r e n t  l i f e  c y c l e ,  dur ing  t h e  course  of t h e  p r o j e c t .  To minimize c o s t  and maximize 
development c o n t r o l ,  p r o v i s i o n s  a r e  needed t h a t  a l l o w  s o f t w a r e  managers t o  t a i l o r  t h e  
p o l i c i e s  of t h e  Software Management P lan  t o  s p e c i f i c s  a t  hand. For example, documen- 
t a t i o n  r e q u i r e d  f o r  on-board systems may be d i f f e r e n t  t h a n  t h a t  r e q u i r e d  f o r  f a c t o r y  
t e s t  equipment,  e s p e c i a l l y  i f  i t  is never  d e l i v e r e d  t o  NASA. 
REGOmNDED ACTION: 
Define  d i f f e r e n t  c a t e g o r i e s  of so f tware  and t h e i r  l i f e  c y c l e  and develop t a i l o r i n g  
c r i t e r i a  t h a t  a l l o w  t h e  Software Management P lan  t o  be a p p l i e d  i n  a manner t h a t  mini- 
mizes c o s t  and r i s k  of development. 
IMPACTS REVISED SMP SECTIONS: 2.1, 2.3, 2.21, 4.4 
1 4 ,  ISSUE: Review Process  
The Software Management P l a n  should be more s p e c i f i c  r e g a r d i n g  t h e  procedures  f o r  
formal reviews,  On a l a r g e  program l i k e  Space S t a t i o n ,  t h e  q u a l i t y  of t h e  reviews 
t r a n s l a t e s  i n t o  t h e  q u a l i t y  of t h e  product  and t h e  r i s k  m e t r i c .  
RECOMMENDED ACTION: 
S p e c i f i c  p o l i c i e s  should  be inc luded  i n  t h e  Sof tware  Management P lan  cover ing  t h e  
formal softwaire d e s i g n  and r e a d i n e s s  review process .  Each s o f t w a r e  review p o l i c y  
shou ld  a d d r e s s  p r e r e q u i s i t e  p r e p a r a t i o n  a c t i v i t i e s ,  t h e  d a t a  package c o n t e n t s ,  t h e  
o j e c t i v e s  of t h e  review,  t h e  a t t e n d e e s '  r e s p o n s i b i l i t i e s ,  and t h e  r e l a t i o n s h i p s  and 
t iming  r e l a t i v e  t o  t h e  a s s o c i a t e d  sys tem l e v e l  reviews.  The p o l i c i e s  shou ld  a l s o  
provide guidance and e n s u r e  t h a t  feedback on t h e  review process  i t s e l f  is  g a t h e r e d  
and e v a l u a t e d  t o  determine how t o  improve i t s  e f f e c t i v e n e s s .  
A c a n d i d a t e  set of fo rmal  s o f t w a r e  reviews i n c l u d e s :  
O p e r a t i o n a l  Concept Review 
Software  Requirements Review 
P r e l i m i n a r y  Design Review 
D e t a i l e d  Design Review 
Test  Readiness Review 
Acceptance Tes t  Review 
Launch Readiness Review 
Opera t ions  Readiness  Review 
IMPACTS REVISED SMP SECTIONS: 2.8, 4.2, 5.3 
15. ISSUE: I n c e n t i v e s  
The Software Management P l a n  shou ld  c o n t a i n  a p o l i c y  encouraging incen t ive - type  con- 
t r a c t s  based upon s o f t w a r e  q u a l i t y  m e t r i c s .  
RECOMMENDED ACTION: 
Sof tware  Management P l a n  shou ld  encourage t h e  u s e  of c o n t r a c t u a l  i n c e n t i v e s  as a 
means of e n s u r i n g  t h e  q u a l i t y  and t i m e l i n e s s  of s o f t w a r e  development and maintenance,  
The c r i t e r i a  f o r  i n c e n t i v e  d e t e r m i n a t i o n  shou ld  be o b j e c t i v e ,  e a s y  t o  u n d e r s t a n d ,  
q u a n t i t a t i v e ,  and based on d e s i r e d  o b j e c t i v e s ,  such as o p e r a t i o n a l  t e c h n i c a l  perform- 
a n c e ,  q u a l i t y ,  p r o d u c t i v i t y ,  c o s t  of ownership and t i m e l i n e s s .  I n c e n t i v e  awards 
shou ld  be scheduled a t  predetermined i n t e r v a l s  throughout  t h e  c o n t r a c t  p e r i o d  of 
performance. 
IMPACTS REVISED SMP SECTIONS: 8.0 
16. ISSUE: A c q u i s i t i o n  v e r s u s  Development Management 
Although it is  expected t h a t  t h e  m a j o r i t y  of s o f t w a r e  t o  be u t i l i z e d  i n  t h e  Space 
S t a t i o n  Program w i l l  be a c q u i r e d  from o t h e r  o r g a n i z a t i o n s ,  some s o f t w a r e  such a s  s i m -  
u l a t i o n s  and t e s t i n g  t o o l s  w i l l  be developed in-house. Major a s p e c t s  of t h e s e  two 
processes  a r e  s u f f i c i e n t l y  d i f f e r e n t  t o  war ran t  s p e c i f i c  and c l e a r l y  s e p a r a t e d  p o l l -  
c i e s  and guidance.  Software a c q u i s i t i o n  management, f o r  example, must be p a r t i c u l a r l y  
concerned w i t h  procurement. Important  a s p e c t s  i n c l u d e  t h e  c l e a r  and complete s p e c i -  
f i c a t i o n  of t h e  product  a t t r i b u t e s  and t h e  accep tance  t e s t s  t h a t  w i l l  prove t h a t  t h e  
product  meets t h o s e  a t t r i b u t e s .  Software development management, on t h e  o t h e r  hand,  
must more s p e c i f i c a l l y  a d d r e s s  d e s i g n  and coding t e c h n i q u e s ,  u n i t  and i n t e g r a t i o n  
t e s t i n g ,  and development reviews. 
NASA should c l e a r l y  d e l i n e a t e  p o l i c i e s  and gu ide l ines  s p e c i f i c  t o  sof tware acqui- 
s i t i o n  management and those app l i cab le  t o  sof tware development management. No 
confusion should r e s u l t  f o r  t he  manager a t tempt ing  t o  determine t h e  p o l i c i e s  and 
gu ide l ines  t h a t  apply t o  each p a r t i c u l a r  s i t u a t i o n .  
IMPACTS REVISED SMP SECTIONS: 1.0 
17. ISSUE: Software Standards 
Both indus t ry  and government have spent  many years  and work hours i n  developing s o f t -  
ware s tandards.  None is p e r f e c t ,  but they a r e  adequate. They a r e  a l l  based on a 
s tandard  model. There seems l i t t l e  reason t o  " re invent"  a new standard.  
I 
RECOMMENDED ACTION: I 
Adopt sof tware s tandards  from e i t h e r  government ( r e f .  2) o r  i ndus t ry  (IEEE o r  o t h e r )  
and concent ra te  e f f o r t s  more on products  - t h e i r  q u a l i t y  and a c q u i s i t i o n .  
- 1  , '  
IMPACTS REVISED SMP SECTIONS: Appendix 
- 1 '  
' I 
18. ISSUE: L i f e  Cycle Process 
The Space S t a t i o n  p ro j ec t  needs t o  consider  sof tware throughout t h e  system devel- 
opment process  so  t h a t  i ts  e f f e c t s  on t echn ica l  performance and l i f e  cycle  cos t  can 
be thoroughly evaluated.  Systems engineering a c t i v i t i e s  should be augmented so  t h a t  
t he  software r ami f i ca t ions  of e a r l y  systems design and requirements engineering de- 
c i s i o n s  can be a sce r t a ined  and t raded  o f f .  Operations and s u s t a i n i n g  engineering 
a spec t s  of sof tware should be included i n  t he  process  framework so  t h a t  t h e i r  impli- 
ca t ions  can be assessed  e a r l y  and t r u e  l i f e  cycle  a n a l y s i s  and cos t  t rade-of fs  can be 
conducted. The hardware, sof tware,  and firmware l i f e  cyc le  processes  should be in- 
t e r r e l a t e d  ac ros s  mu l t ip l e  l i f e  cyc le  horizons s o  t h a t  requirements a r e  a l l o c a t e d  
properly and systems a r e  r e l i a b l e ,  maintainable ,  and a v a i l a b l e  a s  needed. 
- 
RECOMMENDED ACTION: 
The l i f e  cyc le  d e f i n i t i o n  should be extended i n  scope t o  encompass systems engineer- 
ing ,  subsystem development and opera t ions ,  and s u s t a i n i n g  engineering.  The r e l a t i o n -  
s h i p s  between t h e  hardware, sof tware,  and firmware l i f e  cyc les  need t o  be defined a s  
do t h e  products a s soc i a t ed  with t h e  l i f e  cycle  e v e n t s ~  1 ' 
I 
IMPACTS REVISED SMP SECTIONS: 2.21, 4.2 
k t 
- r 
19. ISSUE: Rela t ionships  t o  Non-Space S t a t i o n  P r o j e c t s  
The r e l a t i o n s h i p s  and i n t e r f a c e s  wi th  i n t e r a c t i n g  but  s epa ra t e  p r o j e c t s  from Space 
S t a t i o n  should be c l e a r l y  i d e n t i f i e d  and addressed i n  t h e  Software Management Plan. 
Each r e l a t i o n s h i p  should be con t ro l l ed  by a Memorandum of Agreement covering 
RECOMMENDED ACTION: 
The Software Management P l a n  shou ld  r e q u i r e  t h a t  a s o f t w a r e  management environment be 
c r e a t e d  t o  automate i t s  p o l i c i e s  and procedures  a c r o s s  NASA c e n t e r s .  
IMPACTS REVISED SMP SECTIONS: 2.22, 4.3, 5.4 
22. ISSUE: I n t e r n a t i o n a l  P a r t i c i p a t i o n  
r e s p o n s i b i l i t i e s  and o p e r a t i o n s ,  and t h e  t e c h n i c a l  i n t e r f a c e  shou ld  be main ta ined  i n  
an  I n t e r f a c e  Cont ro l  Document. 
IMPACTS REVISED SMP SECTIONS: 3.2, 3 . 3  
20. ISSUE: Management ~ o o l s / ~ n v i r o n m e n t  
Management needs computer-based t o o l s  t o  a s s e s s  p r o j e c t  s t a t u s ,  a n a l y z e  r i s k ,  p r e p a r e  
schedu les  and budget ,  and e v a l u a t e  c o s t / s c h e d u l e / t e c h n i c a l  performance.  These t o o l s  
shou ld  mechanize methods e s t a b l i s h e d  t o  provide managers w i t h  v i s i b i l i t y  and c o n t r o l  
and should a l l o w  managers t o  do t h e i r  j o b  q u i c k e r  and b e t t e r .  A d i s t r i b u t e d  manage- 
ment t o o l  environment is needed t h a t  i n t e g r a t e s  f i n a n c i a l ,  c o n f i g u r a t i o n  management, 
l i b r a r y ,  and p r o j e c t  management d a t a  i n  such a way t h a t  u s e f u l  i n f o r m a t i o n  f lows o u t  
t o  t h e  p r o j e c t  manager. E x i s t i n g  t o o l s  and technology can be employed i n  such an  en- 
vironment t o  reduce development c o s t  and speed up t h e  implementat ion of an i n t e g r a t e d  
NASA-wide management sys tem f o r  t h e  Space S t a t i o n  Program. 
21. ISSUE: Change Control  of P l a n  
It should be recognized t h a t  changes i n  t h e  conduct of t h e  Space S t a t i o n  Program w i l l  
be necessa ry  t o  i n c o r p o r a t e  l e s s o n s  l e a r n e d ,  e x p l o i t  unexpected technology break- 
thoughs,  d e a l  w i t h  unforeseen  d i f E i c u l t i e s ,  and recognize  new management r e a l i t i e s .  
RECOMMENDED ACTION: 
Provide e x p l i c i t  procedures  i n  t h e  Software Management P l a n  change a s  w e l l  a s  change 
c o n t r o l .  Provide f o r  cont inuous  assessment  and review of t h e  Software Management 
P l a n  and deEine m u l t i l e v e l  a u t h o r i t i e s  f o r  p o l i c y  changes ,  p e r m i t t i n g  l i m i t e d  freedom 
f o r  low-level changes t h a t  remain c o n s i s t e n t  w i t h  h i g h e r  l e v e l  p o l i c i e s .  
IMPACTS REVISED SMP SECTIONS: 1.2 
The European Space Agency, t h e  Na t iona l  Space Development Agency of J a p a n ,  and Canada 
have accep ted  P r e s i d e n t  Reagan's i n v i t a t i o n  t o  p a r t i c i p a t e  i n  t h e  development and 
subsequent  o p e r a t i o n  of t h e  Space S t a t i o n .  It is  a n t i c i p a t e d  t h a t  t h e  r e s p e c t i v e  
p a r t n e r s  w i l l  u t i l i z e  a  s i g n i E i c a n t  p o r t i o n  of common s o f t w a r e  (such as f o r  o v e r a l l  
i n t e g r a t i o n  and checkout)  and w i l l  j o i n t l y  use  t h e  r e s u l t i n g  in-space a s  w e l l  a s  
ground f a c i l i t i e s  t o  conduct o p e r a t i o n s  of common o r  i n d i v i d u a l  i n t e r e s t .  It i s  
t h e r e f o r e  ve ry  important  t h a t  s u b s t a n t i a l  commonality and s t a n d a r d i z a t i o n  e x i s t  i n  
t h e  g u i d e l i n e s  by which t h e  s o f t w a r e  is a c q u i r e d  and main ta ined .  Th is  shou ld  i n c l u d e  
documentation t y p e s  and fo rmats ,  t e s t i n g  p rocedures ,  p a r t i c i p a t i o n  i n  major rev iews ,  
and exchange of p e r t i n e n t  s t a t u s  in format ion .  
RECOMMENDED ACTION: 
The Space S t a t i o n  Program should s t r i v e  t o  d e f i n e  a r e a s  r e q u i r i n g  common and /or  
s t a n d a r d  sof tware  management p o l i c i e s ,  p l a n s ,  p rocedures ,  and s t a n d a r d s .  Management 
and t e c h n i c a l  i n t e r f a c e s  shou ld  be i n d e n t i f i e d  and d e f i n e d  a s  soon a s  p o s s i b l e ,  The 
Program should  c o o r d i n a t e  w i t h  i ts  f o r e i g n  p a r t n e r s  t o  Eormulate, review, and t h e n  
upda te  on an  ongoing b a s i s  t h e  a f f e c t e d  p roduc t s  and t h e  management guidance.  An 
important  c o n s i d e r a t i o n  i n  t h i s  a c t i v i t y  w i l l  be u n d e s i r a b l e  technology t r a n s f e r  and 
p r o t e c t i o n  of p r o p r i e t a r y  s o f t w a r e  t e c h n i q u e s ,  t o o l s ,  and p roduc t s .  The Space Sta- 
t i o n  Program should work c l o s e l y  w i t h  i t s  l e g a l  e x p e r t s  t o  d e f i n e  c r i t e r i a  and r u l e s  
a p p l i c a b l e  t o  i n t e r n a t i o n a l  c o n s i d e r a t i o n s .  
IMPACTS REVlSED SMP SECTION: 3.4 
23,  ISSUE: S e c u r i t y  
The Software Management P lan  does not  have s u f f i c i e n t  emphasis on t h e  p o l i c i e s  and 
procedures  f o r  p roper  hand l ing  of d a t a  and s p e c i E i c a t i o n  of sys tem d e s i g n  as neces- 
s a r y  t o  meet t h e  requ i rements  of sys tem and d a t a  s e c u r i t y ,  p r i v a c y ,  s e n s i t i v i t y ,  and 
sa fekeep ing .  
RECOMMENDED ACTION: 
The Software Management P l a n  shou ld  be modif ied t o  i n c l u d e  t h e  p o l i c i e s  and proce- 
dures  t h a t  aiddress t h e  d a t a  hand l ing  and system d e s i g n  requ i rements  t o  e n s u r e  t h a t  
t h e  p r o j e c t  needs ,  r e a s o n a b l e  and prudent  s a f e g u a r d s ,  c i v i l  l aws ,  and government 
r e g u l a t i o n s  a r e  p r o p e r l y  addressed  i n  t h e  acquisitions/development and o p e r a t i o n  of 
t h e  computer-based systems,  p a r t i c u l a r l y  i n  t h e  s o f t w a r e .  
IMPACTS REVI.SED SM!? SECTIONS: 2.19, 9.0 
24,  ISSUE: Timely Decis ion Making 
The Space S t a t i o n  approach and p rocedures  f o r  making c r i t i c a l  d e c i s i o n s  shou ld  be 
s p e c i f i e d ,  Where t h e  r i s k  is a p p r o p r i a t e ,  s p e c i f y  t h e  d e c i s i o n  a u t h o r i t y  as low i n  
t h e  management s t r u c t u r e  a s  p o s s i b l e .  
ECOMMENDED ACTION: 
Define t h e  p o l i c y  making d e c i s i o n  p r o c e s s  and t h e  l e v e l s  and a u t h o r i t i e s  f o r  d e f i n i n g  
p o l i c y ,  Provide f o r  low-level f l e x i b i l i t y  i n  p o l i c y  d e f i n i t i o n  and change t h a t  i s  
c o n s i s t e n t  w i t h  upper - l eve l  p o l i c y .  Schedule and p u b l i s h  c r i t i c a l  d e c i s i o n  p o i n t s  
wi th  wide anid long-range e f f e c t s ,  and p rov ide  t ime and o p p o r t u n i t y  f o r  i n t e r e s t e d  
p a r t i e s  t o  o f f e r  op in ion  i n  t h e  d e c i s i o n  p rocess .  Se t  up a program o u t s i d e  normal 
management s t r u c t u r e  t o  r e c e i v e  s u g g e s t i o n s  and c r i t i c i s m s  of p o l i c y  w i t h  a p p r o p r i a t e  
rewards as w e l l  a s  i n v e s t i g a t i v e  and r e p o r t i n g  f a c i l i t i e s .  
IMPACTS KEV?.SED SMP SECTIONS: 1 .O,  2.11, 5.4 
25. ISSUE: Continuous Operations Contingency 
The Software Management Plan does not  c a l l  out t h e  proper p o l i c i e s  and procedures f o r  
ensuring t h a t  t he re  is  very low p r o b a b i l i t y  of t he  l o s s  of co r r ec t  d a t a  and/or s o f t -  
ware during acquisit ion/development and opera t ions .  
RECOVNDED ACTION .P ,.. 
I 
The Software Management P lan  should be changed t o  s p e c i f i c a l l y  address  t he  p o l i c i e s  
and procedures t o  ensure t h a t  both NASA in-house s t a f f  and con t r ac to r s  acqui re /  
develop and use software fol lowing p r a c t i c e s  t h a t  w i l l  have a very low p r o b a b i l i t y  of 
l o s s  of sof tware o r  da t a  and w i l l  have the  a b i l i t y  t o  modify o r  au tomat ica l ly  regen- 
e r a t e  executable  sof tware and ope ra t iona l  da ta .  
IMPACTS REVISED SMP SECTIONS: 2.7, 9.0, 10.0 
26. ISSUE: Product Or i en ta t ion  
1 -  
I 1%)  
The o r i e n t a t i o n  of t h e  Space S t a t i o n  Program i s  towards the  a c q u i s i t i o n  of products  
r a t h e r  than  t h e i r  development. 
1 R.ECOMMENDED ACTION: 
The Software Management Plan should focus on t h e  a c q u i s i t i o n  of sof tware r a t h e r  than  
software development, and wi th  more of a product o r i e n t a t i o n ;  i .e . ,  it should address  
t he  con t ro l ,  q u a l i t y ,  and management of PRODUCTS r a t h e r  than  of t he  process  by which 
they a r e  t o  be produced. The Software Management Plan should provide p o l i c i e s  and 
I guidance f o r  t h e  a c q u i s i t i o n  process.  
- I -  ) 
- - .  . 
I I -  
IMPACTS REVISED SMP SECTION: 1.0 ' - : ' ? 
- 
- - 
I 27. ISSUE: Design-To-Cost 
s r  . 
- I 
' A Design-to-Cost cdncept f i r  t h e  e n t i r e  Space S t a t i o n  Program ihbuld be prouhlgated 
and c l a r i f i e d  i n  t he  Software Management Plan. Software p o l i c i e s  should permit t h e  
i d e n t i f i c a t i o n  of c r i t i c a l  requirements s i g n i f i c a n t l y  a f f e c t i n g  system, subsystem, o r  
sof tware development/operational cos t s .  A methodology and a s soc i a t ed  a n a l y s i s  con- 
c e p t s  and t o o l s  should be adopted f o r  p r i o r i t i z i n g  requirements ,  encouraging c o s t  
bene f i t  a n a l y s i s ,  and providing the  ope ra t iona l  f l e x i b i l i t y  t o  a d j u s t  t o  t h e  r e s u l t -  
i ng  c o n s t r a i n t s  necessary t o  l i v e  wi th in  predefined cos t  budgets.  
RECOMMENDED ACTION: 
Design-to-cost should be 
when under severe budget 
f o r  trade-off (e.g., you 
defined and promulgated a s  one p o t e n t i a l  con t r ac t ing  vehic le  
c o n s t r a i n t s  with requirements t h a t  con ta in  t h e  p o t e n t i a l i t y  
a r e  w i l l i n g  t o  s e t t l e  f o r  as much a s  you can g e t  f o r  a s e t  
p r i c e ) .  It w i l l  be extremely important t o  review t h e  s e l e c t i o n  of design-to-cost 
procurements p r i o r  t o  execut ion t o  a s su re  t h e  i tems being procured a r e  r e a l l y  amena- 
b l e  t o  t h i s  form of con t r ac t ing  a s  opposed t o  normal p r a c t i c e s  with extremely r i g i d  
con t r ac t  management. 
IMPACTS REVISED SMP SECTIONS: 2.13, 5.1 
28, ISSUE: Goal S e t t i n g  and C l e a r l y  S t a t e d  O b j e c t i v e s  
The Space S t a t i o n  Program is t o  be commended f o r  p l a c i n g  h i g h  p r i o r i t y  on t h e  e a r l y  
i d e n t i f i c a t i o n  and fo rmula t ion  of o v e r a l l  s o f t w a r e  managment p o l i c i e s  and gu idance ,  
However, a  c . r i t i c a 1  component of t h a t  t h i n k i n g  must be t h e  c l e a r  and comprehensive 
s t a t e m e n t  of Space S t a t i o n  Program g o a l s  and o b j e c t i v e s  r e l a t i v e  t o  so f tware .  These 
g o a l s  and o b j e c t i v e s  shou ld  be i n  consonance wi th  t h e  o v e r a l l  program g o a l s  and ob- 
j e c t i v e s  and shou ld  be s p e c i f i c  enough t h a t  c r i t e r i a  can be e s t a b l i s h e d  t o  a s c e r t a i n  
a t t a i n m e n t .  
RECONMENDED ACTION: 
The e x i s t i n g  d r a f t  of t h e  top-most Software Management P lan  shou ld  be r e v i s e d  t o  
c l e a r l y  s tate t h e  p l a n ' s  purpose and t o  s p e c i f y  t h e  o v e r a l l  g o a l s  and o b j e c t i v e s  t o  
be accomplished by Space S t a t i o n  sof tware .  These g o a l s  and o b j e c t i v e s  shou ld  cover  
both  s t r a t e g i c  and t a c t i c a l  c o n s i d e r a t i o n s .  
IMPACTS REVISED SMP SECTION: 1.0 
29. ISSUE: Lessons Learned 
The v a l u e  of l e a r n i n g  from p a s t  so f tware  e f f o r t s  is i n c r e a s i n g l y  being recognized  a s  
a  v a l u a b l e  way t o  avo id  r e p e a t i n g  mis takes  and encounte r ing  p i t f a l l s .  I n f o r m a t i o n  
such  a s  s o f t w a r e  c o s t i n g  e s t i m a t e s  v e r s u s  a c t u a l s  a s  a  f u n c t i o n  of c o s t i n g  t e c h n i q u e  
and l i f e  c y c l e  phase ,  s t a f f i n g  l e v e l s  and t y p e s  v e r s u s  a c q u i s i t i o n  performance,  and 
t r u e  c a p a b i l i t i e s  of t e s t i n g  t o o l s  and t echn iques  is very  h e l p f u l ,  p a r t i c u l a r l y  t o  
long-term programs wi th  much s o f t w a r e  maintenance and enhancement. Such d a t a  is  n o t  
c o l l e c t e d  wi thou t  c o s t ,  however. Resources must be d e d i c a t e d  t o  t h e  t a s k s  of col-  
l e c t i n g ,  f i l t e r i n g ,  o r g a n i z i n g ,  and a n a l y z i n g  t h e  l e s s o n s  l e a r n e d  in format ion .  
RECOMMENDED ACTION: 
The Space S t a t i o n  Program h a s  a  ve ry  long expec ted  l i f e t i m e .  I ts s o f t w a r e  w i l l  be 
con t inuous ly  enhanced and changed as new requ i rements  a r e  brought forward.  Personne l  
w i l l  change. Minimizat ion of long-term c o s t s  v i r t u a l l y  mandates t h a t  t h e  program in- 
t e n t i o n a l l y  monitor i t s e l f  and l e a r n  from p a s t  e x p e r i e n c e ~ .  The Space S t a t i o n  
Program should  e s t a b l i s h  mechanisms f o r  c a p t u r i n g  l e s s o n s  l e a r n e d  and improving pro- 
cedures  t o  make maximum use  of such l e s s o n s .  It is sugges ted  t h a t  one r e l a t i v e l y  
e a s y  way t o  g a t h e r  such d a t a  is as p a r t  of each  major review,  
IMPACTS REVISED SMP SECTION: 2.16 
30. ISSUE: S t a n d a r d i z a t i o n  Process  
The Space S t a t i o n  Program w i l l  i n v o l v e  t h e  development of many d i v e r s e  subsystems by 
d i f f e r e n t  NASA c e n t e r s  and c o n t r a c t o r s .  It i s  impor tan t  t h a t  p o l i c i e s  be e s t a b l i s h e d  
t o  s t a n d a r d i z e  how s o f t w a r e  is  procured.  Such i s s u e s  as m u l t i p l e  l i c e n s i n g  agree-  
ments, maintenance c l a u s e s ,  d e l i v e r y  s t a n d a r d s ,  documentation,  and product  s t a n d a r d s  
need t o  be addressed ,  
RECOMMENDED ACTION : 
The Sof tware  Management P l a n  shou ld  provide p o l i c i e s ,  p rocedures ,  and guidance t o  
ensure  an a p p r o p r i a t e  l e v e l  oE s t a n d a r d i z a t i o n  a c r o s s  t h e  Space S t a t i o n  Program. 
S i m i l a r  procurement procedures  and management c o n t r o l s  must be used throughout  the 
program, 
IMPACTS REVISED SMP SECTIONS: 2.15, 4.0, 5.0, 6.0, 7.0, 8.0 
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SOFTWARE DEVELOPMENT ENVIRONMENT PANEL SUMMARY 
The Software Development Environment (SDE) Panel  addressed  key programmatic,  scope ,  
and s t r u c t u r a l  i s s u e s  r a i s e d  by i t s  members and t h e  g e n e r a l  audience r e g a r d i n g  t h e  
proposed s o f t w a r e  development environment f o r  t h e  Space S t a t i o n  program. The g e n e r a l  
team approach t aken  by t h i s  group l e d  t o  a consensus  on 18 recommendations t o  NASA 
management regard ing  t h e  a c q u i s i t i o n  and d e f i n i t i o n  of t h e  SDE. This  approach was 
keyed by t h e  i n i t i a l  i s s u e s  p r e s e n t a t i o n  g i v e n  by Barry  Boehm t o  t h e  g e n e r a l  aud ience  
on t h e  f i r s t  day. A d d i t i o n a l  i s s u e s  ( f o r  a t o t a l  of 23)  were developed by t h e  panel-  
i s t s  i n  t h e i r  f i r s t  c l o s e d  s e s s i o n  from which key a r e a s  were s e l e c t e d  and d i s c u s s e d  
i n  open s e s s i o n .  These d i s c u s s i o n s  l e d  t o  t h e  fo l lowing  key recommendations summa- 
r i z e d  i n  t h e  fo l lowing  t a b l e  and d e s c r i b e d  i n  t h e  fo l lowing  t e x t .  
Key Recommendat i o n s  
Programmatic Develop uniform,  NASA-furnished SDE; mandate c o m p a t i b i l i t y  w i t h  
d e l i v e r e d  s o f t w a r e ,  do n o t  mandate f o r  development 
Develop SDE o p e r a t i o n s  concept ;  use  JSSEE a s  a  s t a r t i n g  p o i n t ;  use  
i n p u t  from Phase B c o n t r a c t o r s  and o p e r a t i o n a l  u s e r s  
Develop i n c r e m e n t a l l y  u s i n g  i d e n t i f i e d  g u i d e l i n e s  
SDE Scope Focus on p roduc t s ;  n o n - p r e s c r i p t i v e  of d e t a i l e d  methodology 
Design t o  suppor t  s o f t w a r e  r e u s e  
SDE S t r u c t u r e  Furn i sh  as p o r t a b l e  so f tware  package,  excep t  where requ i rements  
d i c t a t e  hardware 
V i r t u a l i z e  t h e  o p e r a t i n g  system; s t a r t  w i t h  U N I X ,  p r e p a r e  t o  evo lve  
E s t a b l i s h  a s i n g l e  s u b s e t a b l e  SDE h o s t ;  a l l o w  f o r  m u l t i p l e  t a r g e t  
s u p p o r t  subsystems;  maximize commonality; accommodate user-unique 
s e r v i c e s  
Use a modular,  l a y e r e d  a r c h i t e c t u r e  
Ins t rument  f o r  s e l f - d i a g n o s i s  
Programmatics: The panel  and audience s t r o n g l y  endorsed t h e  concept of a un i fo rm,  
NASA-furnished, mandated SDE t o  a d d r e s s  t h e  c r i t i c a l  l i f e - c y c l e  c o s t  and i n t e g r a t L o n  
i s s u e s  of Space S t a t i o n  s o f t w a r e .  R i s k s ,  such a s  s c h e d u l e ,  t e c h n o l o g i c a l  obso lesc -  
e n c e ,  and c o n t r a c t o r  i n c o m p a t i b i l i t i e s ,  a r e  m i t i g a t e d  by t h e  fo l lowing :  an opera tkons  
concept which p rov ides  f o r  c o n t r a c t o r  o p t i o n s  t o  u s e  t h e i r  own SDEs, as long as t h e  
d e l i v e r e d  sof tware  is  s u p p o r t a b l e  by t h e  NASA SDE; an  inc rementa l  a c q u i s i t i o n  strat- 
egy; and t h e  use  of l a y e r e d  a r c h i t e c t u r e s  t o  a s s u r e  t e c h n o l o g i c a l  t r a n s p a r e n c y .  
A major recommendation which w i l l  m i t i g a t e  schedu le  and product  r i s k  is  t o  develop an  
SDE Opera t ions  Concept as soon a s  p o s s i b l e  which a d d r e s s e s  u s e r  requ i rements  and 
l i f e c y c l e  s c e n a r i o s  based on i n p u t s  from u s e r s ,  Phase B c o n t r a c t o r s ,  and s i m i l a r  DoD 
e f f o r t s  ( e  .g . , t h e  JSSEE O p e r a t i o n a l  Concept Document). 
Scope: A key concern i n  t h i s  a r e a  i s  the  degree of mandated software engineering 
methodology implied by t h e  SDE. The panel s t rong ly  endorsed the  concept t h a t  t he  SDE 
focus on products (such a s  s p e c i f i c a t i o n s ,  designlcode r ep resen ta t ions ,  e t c . )  r a t h e r  
than  the  methods, thereby allowing f o r  contractor-unique approaches and new methods 
technology. 
Another major aspec t  of t h e  SDE scope s t rong ly  endorsed is  the  concept of a support  
l i b r a r y  of reusable  components, which could lead  t o  a major savings i n  o v e r a l l  Space 
S t a t i o n  l i f e  cyc l e  cos t s .  
S t ruc tu re :  The key concern addressed is the  architecture--modularized and layered-- 
t o  al low f o r  technologica l  evolu t ion  a t  d i s t i n c t  l e v e l s .  An approach was developed 
and presented f o r  t h e  c r i t i c a l  i n t e r f a c e s  t o  p ro t ec t  aga ins t  p r e d i c t a b l e  sources  of 
change. 
The major sources of SDE change and t h e i r  corresponding information-hiding i n t e r f a c e s  
a r e  : 
Source of Change 
o Text-processing C a p a b i l i t i e s  
o Requirements, Design, Code 
Representat ions  
o F inancia l  Management 
C a p a b i l i t i e s  
o DBMS C a p a b i l i t i e s  
o Workst a t i o n  C a p a b i l i t i e s  
0 CPU 
Info-hiding I n t e r f a c e  
o Text F i l e s  
o Standardized Content 
a t  Each Stage 
o Standard WBS 
o Abstract  DBMS I n t e r f a c e  
o Abstract  Workstation I n t e r f a c e  
0 UNIX 
Another major aspec t  of t h e  SDE s t r u c t u r e  endorsed is t h a t  it c o n s i s t s  of a subset-  
ab l e  set of t o o l s  engineered wi th  uniform i n t e r f a c e s  providing t h e  SDE c a p a b i l i t y  t o  
customize t o  s p e c i f i c  u se r  requirements e i t h e r  by a p p l i c a t i o n  (e.g., f l i g h t  o r  ground 
software development, a n a l y s i s ,  management, s imu la t ion ) ,  by type  of u s e r  (e .g . ,  
expert /novice , s p e c i a l i s t  / g e n e r a l i s t )  , o r  by type  of equipment (e .  g . , mainframe, mini ,  
o r  workstat ion) .  
RECOMMENDATIONS 
1. THE Software Development Environment (SDE) should be a uniform, NASA-furnished, 
"mandated" environment support ing t h e  use of e x i s t i n g  NASA f a c i l i t i e s .  
i 
2. The SDE should be furn ished  a s  a po r t ab l e  sof tware package (except  where 
requirements d i c t a t e  hardware). 
3 .  The SDE should have a v i r t u a l i z e d  opera t ing  system. S t a r t  wi th  UNIX and prepare 
t o  evolve. 
ximize thercommonali ty,  t h e  SDE should  r e s i d e  on a s i n g l e  h o s t  sub- 
s e t s  .of t6at h o s t  a r e  p o s s i b l e  and can suppor t  SDE s u b s e t s ) .  The 
SDE should a l l o w  f o r  m u l t i p l e  t a r g e t  suppor t  subsystems. 
5. The SDE should  be i n c r e m e n t a l l y  developed.  
6 .  Cons idera t ion  shou ld  be g i v e n  t o  having an  "SDE Flyof f"  w i t h  m u l t i p l e  vendors ,  
a l though  t h e  pane l  thought t h i s  may n o t  be necessa ry .  
7 .  The SDE a p p l i c a t i o n  shou ld  be product  o r i e n t e d ,  n o t  n e c e s s a r i l y  p rocess  o r i e n t e d ,  
8 .  There must be a s p e c i f i c  development and a p p l i c a t i o n  p l a n  a long  w i t h  a marke t ing  
program f o r  s e l l i n g  t o  NASA Cente r s  and vendors.  
9.  The SDE should  be ins t rumented  f o r  s e l f  d i a g n o s i s .  
10. The SDE must suppor t  s o f t w a r e  reuse .  
11. An o p e r a t i o n s  concept  must be g e n e r a t e d  a s  soon a s  p o s s i b l e .  Use t h e  JSSEE 
( J o i n t  S e r v i c e s  Software Engineer ing Environment) o p e r a t i o n a l  concept as s t r o n g  
i n p u t .  Also o b t a i n  i n p u t s  Erom t h e  Phase B c o n t r a c t o r s  and p o t e n t i a l  u s e r s .  
12. P ro to type  t h e  u s e r  i n t e r f a c e  e a r l y .  
13. C o l l e c t  and i n c o r p o r a t e  l e s s o n s  l e a r n e d  from p a s t  NASA p r o j e c t s .  
14. Any new sof tware  w r i t t e n  f o r  t h e  SDE should be w r i t t e n  i n  t h e  chosen NASA space  
s t a t i o n  programming language.  
15. NASA should  e s t a b l i s h  r e s e a r c h  a c t i v i t i e s  t o  f i l l  i n  t h e  SDE g a p s ,  i . e . ,  develop 
new sof tware  environment technology where it is  needed. 
16. The SDE should have a modular,  l a y e r e d  a r c h i t e c t u r e .  
17. NASA should  d e f i n e  t h e  c r i t e r i a  f o r  SDE a c q u i s i t i o n .  
18. The SDE is  t o  suppor t  r e u s e  of e x i s t i n g  NASA f a c i l i t i e s .  




a Nature of the challenge 
a Orange-Bmk issues (ref. 1) 
- Pros, cons, assessment 
o Additional SDE issues 
- DOD coordination 
- Scope of SDE 
- Reuse support 
NATURE OF THE CHALLENGE 
The SSDS is a mission support system for: 
o Thousands of operators and decision makers 
o At on-line terminals 
o At many geographical locations 
o Performing complex, hteracting functions 
(I, With imprecisely defined requirements 
o In a dynamic, less-than-predictable environment 
(I, Requiring essentially error-free performance 
It is essential for coordinating the mission 
It  requires significant investments in time, dollars, talent 
SDE Design Considerations 
DIFFERENT FAVORITE LIFE CYCLE DATA PROTECTION 
METHODOLOGIES HOST COMPUTERS COST USER ACCESS 
VARIED HIGHER 
ORDER LANGUAGES INTERFACE 
LOCAL PROCESSOR SOFTWARE SUPPORT ENVIRONMENT REAL-TIME 
ENVIRONMENTS DESIGN MISSION OPERATION ACTIVITIES 
UNIFORM, READABLE. 
MAINTAINABLE CODE ROUTINE AND 
CODE REPErmVE FUNCTIONS 
FLEXIBLE k LOW RESIDUAL STANDARD HIGH PROGRAMMING 




ISSUES lD2,S: UNIFORM, NASA-FURNISHED, MANDATED SDE 
PRO. 
a Better aoftware coordination 
- Fewer errors, interface problems 
a Less duplication of effort 
a Conceptual integrity 
- Reinforcement of management approach 
- SDE/user interface 
Controllability 
- Response to problems 
- Technology insertion 
a Better life-cycle support 
- Ability to recompete maintenance 
ISSUES 1,2,9: UNIFORM, NASA-FURNISHED, MANDATED SDE 
CON: 
e Contractor incompatibilities 
- Competitive bias 
r Technology insertion 
- Disincentives to experiment 
Implied SDE warranty 
r SDE size, development risk 
r Breadth of user community 
- Centers, contractors, researchers 
- Levels of expertise 
- Special functions: simulation, test, etc. 
- Large up-front training cost 
ISSUES 1,2,9: UNIFORM, NASA-FURNISHED, MANDIITED SDE 
*Less dupllcatlon *Technology insertion 
econceptuai integrity *Implied SDE warranty 
rControllablllty *SDE size, development risk 
PRO 




e Go for it - in ways which minimize cons 
- Pre-delivery contractor option to use own SDE 
- SDE modularized for technology insertion 
- Establish levels of warranty 
- Incremental development to reduce risk 
ISSUE 4: PRECEDE SDE DEVELOPMENT WITH DEVELOPMENT OF 
FUNCTIONAL CAPABILITIES, PROTOTYPE, DETAILED SPECS 
PRO 




@Very high schedule risk 
@Provides criteria for 
choosing developer 
a Better to go for early initial capability 
a Use DOD JSSEE Spec as basis for defining requirements 
Run competitive flyoff for production - engineered initial SDE capability 
@Not clear more prototypes 
will add much information 
ISSUE 6 BUILD LAYERED SDE 
 accommodate change, mPerformance penalties 
growth, technology 
a Build layered SDE 
- Use info-hiding to modularize around major sources of change 
a Methodologies (requirements, design, management) 
Mainframes, workstations 
a Networks, peripherals 
Language, operating system? 
MODULARIZING AROUND SOURCES OF CHANGE 
I N  SOFTWARE METHODOLOGY 
e Make minimal assumptions on nature of elements (requireme~lts, desigra, 
code, test, management) 
- Resolvable into separately identifiable items 
o Develop traceabdity tool to track relations between iterns 
Requirements Design 
3 .  -- 
ISSUE 6: AFFILIATE WITH DOD ENVIRONMENT 
@Technical synergy @Not clear which one 
@Less contractor confusion @Schedule mismatches 
ASSESSMENT 
o Propose coordinated, potentially joint SDE 
o Volunteer to develop a pre-1990 initial SDE capability based on JSSEE 




ISSUE I: FURNISH FULL-UP SDE: 
SOFTWARE, CPU, WORKSTATION, LAN 
I 






.Expensive to furnish 
@Technology insertion problems 
Build SDE on standard, portable operating systems 
Support recommended hardware subset(s) 
Allow use of equivalent capabilities 
ISSUE 8: SUPPORT LIBRARY OF REUSABLE COMPONENTS 
ASSESSMENT 
PRO 
.Major source of future 
s/w cost savings 
Go for it - in ways wbich minimize cons 
- Levels of warranty 
- Strong documentation, CM 







Building an SDE is in the same ballpark as building SSDS 
- k r g r  complex, but essential 
Worth going for uniform, NASA-furnished, mandated SDE 
- In ways which minimize ~ s k s  
Value of further SDE prototyping unclear 
- Several de facto prototypes exist 
- Vesy high ~chedule risk 
Worth coordinating with DOD 
- JSSEE spec a useful starting point 
Furnish SDE as standard s/w on portable operating system 
- Support but not mandate CPU, LAN, workstation 
KEY ISSUES ADDRESSED 
PROGRAMMATICS 
Uniform, NASA-Furnished, Mandated SDE 
The issue  ra ised  addresses the r e a l i z a t i o n  of SDE c a p a b i l i t i e s .  Should NASA provide 
and require the  use of a  standardized SDE f o r  Space Sta t ion software acquis i t ion?  
Examination of t h i s  i ssue  reveals  considerat ions which require  focused a t t en t ion .  
Uniformity w i l l  y i e ld  fewer in te r face  and coordination problems and w i l l  provide 
conceptual i n t e g r i t y .  These benef i t s ,  however, a r e  a t  the  expense of multi- 
contractor  incompat ib i l i t ies  and t h e i r  combined s t rengths  f o r  technological 
development. 
A mandated, government-furnished SDE provides d i r e c t  control  by NASA f o r  problem 
solut ions ,  evolutionary a s  opposed t o  revolutionary growth (mature expansion), and 
more opportunity for  SDE-related cos t  containments. However, any GFE item bears an 
implied warranty. This needs t o  be addressed by defining l e v e l s  of warranty f o r  
components of the SDE. Another i ssue  is  how a government-furnished SDE would be 
s ized t o  e f f i c i e n t l y  service  the  wide breadth of the  an t i c ipa ted  user  community. 
Here, the  SDE needs t o  be organized t o  be e a s i l y  subsetable t o  specia l ized user  
communities, host  computers (maxis versus work s t a t i o n s ) ,  or  user  exper t i se  l eve l s .  
SDE Operations -Concept 
The scope of SDE appl ica t ion is indeed broad. Each of the  major workpackage con- 
t r a c t o r s  is l i k e l y  t o  have unique, embedded software development methodologies and 
supporting f a c i l i t i e s .  In tu rn ,  t h e i r  subsystem development organizat ion and/or 
subcontractors w i l l  have es tabl ished computer system development t o o l s ,  experience, 
and expectations. Further,  the  u l t imate  users of the Space Sta t ion w i l l  include a 
s ign i f i can t  port ion of small groups or  individuals  i n t e r e s t e d  only i n  t h e i r  experi- 
ment or  production package and not i n  any required supporting software. Effec t ively  
scoping the  range of SDE requirements requires  the  near-term def in i t ion  of how a l l  
users--big and small,  sophis t ica ted  or  naive, experienced o r  novice--may use the 
system. An Operations Concept, addressing how a l l  users  expect t o  use the  system 
during i ts  e n t i r e  l i f e c y c l e ,  has been found extremely useful  i n  es tab l i sh ing  a bas is  
f o r  subsequent hardware/software requirements speci f ica t ion.  
The conclusion reached gave an af f i rmat ive  answer t o  the  issue:  NASA should provide 
and mandate the  use of a  uniform SDE. The government furnished SDE should be ef- 
f ec ted  i n  a manner which mit igates benef i t s  and r i s k s ,  s p e c i f i c a l l y  by es tab l i sh ing  a 
widely accepted SDE Operations Concept. 
Incrementallv Develo~ed 
I f  the SDE is constructed as  a s e t  of funct ional  modules enclosed by a comunications 
s t ruc tu re ,  the  modules can be acquired, inse r t ed ,  and replaced on an incremental 
schedule. The general  driving requirement f o r  module acqu i s i t ion  and inse r t ion  is 
a t  the communications in ter face .  I n i t i a l  p r i o r i t i e s  should be es tabl ished by NASA s o  
t h a t  incremental implementation w i l l  support program requirements as  they become 
needed. Some, indeed, a r e  needed now. 
The SDE must be subsetable,  modularized, and concentr ica l ly  layered t o  a s s i s t  a l l  
mission, management, and communication requirements. This form of s t r u c t u r a l  
d e t a i l  seems most l i k e l y  t o  be  a b l e  t o  achieve t h e  des i r ed  f l e x i b i l j - t y  and 
v e r s a t i l i t y  over t h e  range of s p e c i f i c  SDE ins t ances .  
A s t r a t e g y  f o r  incremental  development is recommended which minimizes the  dependence 
of t he  SDE development schedule on requirements t o  be derived by Space S t a t i o n  Phase 
B con t r ac to r s  : 
Increment 1: OS, DBMS, u t i l i t i e s ,  b a s i c  CM, o f f i c e  automation, and mnagement 
func t ions  
Increment 2: Basic  requirements and design s p e c i f i c a t i o n ,  planning and a n a l y s i s  
support 
Increment 3:  Basic code, u n i t  t e s t ,  i n t e g r a t i o n  and t e s t  support 
Increment 4: Basic  real- t ime OS, DBMS, and u t i l i t i e s  f o r  f l i g h t  and ground 
t a r g e t  computers 
Increment 5 ,  6 ,  ... : User-pr ior i t ized  add i t i ons  and ex tens ions  t o  
t he  above 
This  s t r a t e g y  al lows NASA t o  ge t  an e a r l y  s t a r t  on t h e  po r t ions  of t h e  SDE needed f o r  
i n i t i a l  Space S t a t i o n  program development support .  
SDE SCOPE 
Focus on Products 
No c l e a r l y  super ior  methodology f o r  sof tware design refinement has  emerged, yet many 
have proven use fu l  f o r  unique o r  p a r t i c u l a r  a p p l i c a t i o n  a renas .  For a l l  methodoEo- 
g i e s ,  c e r t a i n  in te rmedia te  products o r  design r ep resen ta t ions  a r e  recognized. Focus- 
ing  upon these  products ,  as d i s t i n c t  from the  methodology o r  process  emjployed i n  
e s t a b l i s h i n g  these  products ,  permits  considerable  methodological f l e x i b i l i t y  and 
al lows f o r  f u t u r e  technology i n s e r t i o n .  Where a  g e n e r a l l y  agreed upon management 
model can be e s t a b l i s h e d ,  t he  SDE m y  support t he  process  d i r e c t l y .  We conclude t h a t  
t he  SDE s h a l l  be nonpresc r ip t ive  of a  s p e c i f i c  requirement o r  design methodology. 
Supporting Software - Reuse 
Complete rebui ld ing  of l a r g e  software systems is  no longer  economically f e a s i b l e ,  
F u l l  advantage must be taken of v i ab le  e x i s t i n g  elements.  Su i t ab l e  reusable  compon- 
e n t s  may be commercially a v a i l a b l e  off  t h e  she l f  (COTS), may r e s i d e  a t  one or  more 
NASA cen te r s ,  o r  may be adaptable  from pas t  con t r ac to r  eEfo r t s .  Making use of such 
elements r equ i r e s  c a r e f u l  i n i t i a l  a t t e n t i o n  t o  t he  framework o r  a r c h i t e c t u r e  of the  
SDE, inc luding  the  d e f i n i t i o n  of app ropr i a t e  i n t e r f a c e s  and t h e  l e v e l s  i n  t h e  h i e r -  
archy. C lea r ly ,  mul t ip le  source languages and/or ob jec t  code bodies should be 
accommodated i n  many in s t ances .  Ce r t a in ly ,  t he  des i r ed  SDE s u b s e t a b i l i t y  considera- 
t i o n s  r e l a t e  t o  t he  kind of s t r u c t u r e  promoting reuse  descr ibed here.  
We conclude t h a t  t he  SDE i n t e r f a c e  and a r c h i t e c t u r a l  d e f i n i t i o n s  should f o s t e r  
so£ tware reuse. 
SDE STRUCTURE 
Furnished a s  Por tab le  Software Package 
The SDE should c o n s i s t  of device-independent ( l oose ly  coupled hardware dependencies) 
func t ions  such t h a t  changes i n  hardware do not have an e f f e c t  on software funct ion-  
a l i t y .  Hardware a v a i l a b i l i t y  should not d r ive  t h e  software requirements,  but some 
well  def ined,  vendor dependent elements may f a c i l i t a t e  widespread use of c u r r e n t l y  
a v a i l a b l e  components. I n  some a r e a s ,  such a s  t a r g e t  machine suppor t ,  requirements 
may d i c t a t e  a hardware component of t he  SDE. 
Vi r tua l i zed  Operating System 
The opera t ing  system which suppor ts  t he  SDE should be device and vendor independent 
i n s o f a r  a s  poss ib le .  As a present  s t a r t i n g  po in t ,  U N I X  appears t o  be the  only can- 
d i d a t e  t h a t  meets t h i s  requirement and should be se l ec t ed .  P reva i l i ng  personal  
computer opera t ing  systems meet t h e  s p i r i t  but not  t h e  l a r g e  machine scope of t h i s  
requirement.  For t he  f u t u r e ,  t h e  SDE can implement o t h e r  hardware-independent 
opera t ing  systems (e.g., CAIS o r  MAPSE f o r  Ada) a s  they  become ava i l ab l e .  
S ingle ,  Subsetable  SDE Host 
The c e n t r a l  i s s u e  of t h e  SDE s t r u c t u r e  is a r c h i t e c t u r e .  Associated subissues  ( incre-  
mental development, choice of modular or  layered ,  ease  of u se r  accommodation) a r e  
f a c e t s  of the  SDE a r c h i t e c t u r e  i s s u e  perceived f u n c t i o n a l l y  as requirements.  
Se l ec t ion  of t h e  subse tab le  func t ions  and i n t e r f a c e s  is  t h e  most c r i t i c a l .  A primary 
c a p a b i l i t y  is  t o  a l low f o r  support of mul t ip le  hos t  t a r g e t s .  These subse tab le  func- 
t i o n s  must a l s o  support ,  by i n t e r f a c e  management, f u l l y  genera l ized  and s p e c i f i c  
func t ions  wi th in  t h e  layered a r c h i t e c t u r e .  A major ob jec t ive  is t o  maximize common- 
a l i t y  of widely used func t ions .  There is a p o t e n t i a l ,  as the  SDE evolves over t i m e ,  
t o  y i e l d  unmanageable i n t e r f ace / func t ion  d i v e r s i f i c a t i o n .  The r e s u l t  is t h a t  i n t e r -  
f aces  could mul t ip ly  and become deeply nes ted ,  thus  d r iv ing  incremental  mainframe 
c o s t s  of ownership f o r  c e r t a i n  l e v e l s  of c a p a b i l i t y .  
The d e f i n i t i o n s  of subse tab le  SDE elements,  i n t e r f a c e  s p e c i f i c a t i o n ,  communications/ 
t a sk ing  network d e f i n i t i o n ,  and management provide the  base l ine  from which t o  pro- 
ceed. P l u g a b i l i t y  a s  t o  func t ion ,  v i a  t h e  s u i t a b l e  i n t e r f a c e s ,  w i l l  r e s u l t  i n  
achiev ing ,  i n t e g r a t i n g ,  and managing a s soc i a t ed  i s s u e s  of p o r t a b i l i t y ,  u s e r  i n t e r -  
f a c e s ,  and mission requirements.  
" 
Instrumented f o r  Self-Diagnosis 
A r a t i o n a l  b a s i s  f o r  ex tens ion  o r  improvement of the  SDE can only come from an un- 
derstanding of i ts s t r e n g t h s  and de f i c i enc i e s .  Knowing how t h e  SDE elements a r e  
employed by the  spectrum of u s e r s  throughout t he  l i f e  cyc l e  of each p a r t i c u l a r  s o f t -  
ware de l ive rab le  is a v i t a l  pa r t  of t h i s  understanding. We conclude t h a t  t he  SDE 
should au tomat ica l ly  c o l l e c t  da t a  t h a t  cha rac t e r i ze s  i t s  use throughout t h e  e n t i r e  
development process.  
LANGUAGE PANEL SUMMARY 
This  panel was charged wi th  making recommendations on t h e  va r ious  language i s s u e s  
involved i n  t he  development of Space S ta t ion .  This  charge included t h e  f u l l  s e t  of 
development and use r  languages covering the  e n t i r e  l i f e  cyc le  of development and a l l  
types  of u s e r  app l i ca t ions .  
The s e l e c t i o n  and s t anda rd iza t ion  of languages and i n t e r f a c e s  f o r  t h e  Space S t a t i o n  
program a r e  c r i t i c a l  needs t o  i n s u r e  t h e  success  of t h i s  predominately engineer ing  
a c t i v i t y .  While t h e  Language Panel recognizes  t h a t  t h e  p r o j e c t  l i f e  cyc le  w i l l  re- 
q u i r e  a family of languages f o r  t h e  va r ious  c l a s s e s  of u s e r s  and developers ,  it is  
c r u c i a l  t o  begin making dec i s ions  which w i l l  focus planning e f E o r t s  by l i m i t i n g  t h e  
range of poss ib l e  s e l e c t i o n s .  Requirements f o r  t h e  Space S t a t i o n  information system 
long-term maintenance and evo lu t ion  w i l l  make it imperat ive t h a t  a high-order devel- 
opment language be u t i l i z e d .  It is recommended t h a t  t he  primary high-order language 
f o r  source  code development b e  Ada. (Ada i s  a r e g i s t e r e d  trademark of t h e  Department 
of Defense, Ada J o i n t  Program Off ice . )  I s s u e s  r e l a t e d  t o  t h e  u t i l i z a t i o n  of Ada 
should be addressed a s  soon a s  poss ib le .  These inc lude  developing a t r a n s i t i o n  
s t r a t e g y ,  providing educat ion,  accommodating t h e  u t i l i z a t i o n  of sof tware a l r eady  i n  
ex i s t ence ,  and developing fal l -back opt ions  f o r  high r i s k  a r eas .  One high-r isk a r e a  
is s a t i s f y i n g  the  requirements f o r  run-time support  f o r  t a r g e t  systems, e s p e c i a l l y  
when the  t a r g e t s  are d i s t r i b u t e d .  Requirements f o r  design s p e c i f i c a t i o n  languages o r  
i n t e r f a c e s  t h a t  complement Ada should be determined. 
During i t s  d i scuss ions ,  t h e  panel operated under t h e  b a s i c  assumption t h a t  Space Sta- 
t i o n  is an  engineering a c t i v i t y .  Therefore,  where app ropr i a t e ,  s e l e c t i o n  and s tan-  
da rd i za t ion  of languages and i n t e r f a c e s  should begin cons t r a in ing  t h e  degrees of 
freedom. The s e l e c t i o n  of languages and i n t e r f a c e s  impacts t he  cons t ruc t ion  of a 
Software Development Environment (SDE), which is a s u b s t a n t i a l l y  more c r i t i c a l  com- 
ponent of Space S t a t i o n  software.  
Although t h e r e  were panels  t o  d i scuss  management, s tandards ,  environments, and lan- 
guages, no panel  was s p e c i f i c a l l y  charged wi th  methodology i s sues .  This is of r e a l  
concern, and t h e  language panel t r i e d  t o  address  t h i s  i s s u e  whenever i t  was appropri- 
ate. The panel  a l s o  f e l t  t h a t  methodology should be discussed i n  any f u t u r e  meetings 
on software. 
The panel was ab le  by consensus t o  a r r i v e  a t  a t o t a l  of 11 recommendations. These 
recommendations were discussed i n  t he  open forum, and t h e r e  was f e l t  t o  be reasonable 
agreement of t he  a t t endees  at the  open meeting. 
These recommendations f a l l  i n t o  5 ca t egor i e s .  Recommendation 1 d e a l s  wi th  an impor- 
t a n t  aspec t  of the  whole software development process.  Recommendations 2 ,  3 ,  4, and 
5 dea l  wi th  the  choice of t he  software development language. Recommendations 6 ,  7 
and 8 dea l  with languages at e a r l y  phases of t h e  l i f e  cycle .  Recommendations 9 and 
10 dea l  wi th  use r  languages. The last recommendation says  t h a t  NASA must t r a c k  lan-  
guage technology i n  t h e  fu tu re .  
RECOMMENDATIONS 
1. NASA should avoid premature commitment t o  hardware implementation dec i s ions .  
System and software a r c h i t e c t u r e  should be defined f i r s t .  
2 .  NASA should d e c l a r e  Ada now as t h e  p r e f e r r e d  high-order  language f o r  s o u r c e  code 
development and a d d r e s s  t h e  fo l lowing  i s s u e s  a s  q u i c k l y  as p o s s i b l e  : 
t r a n s i t i o n  s t r a t e g y  
procurement i s s u e s  
i n t e r f a c e s  t o  e x i s t i n g  NASA s o f t w a r e  
development of g u i d e l i n e s  f o r  app ly ing  Ada t o  v a r i o u s  
a p p l i c a t i o n  a r e a s  
development oE a p p r o p r i a t e  run-time suppor t  environments  f o r  
NASA a p p l i c a t i o n s  
e d u c a t i o n  
a l i a i s o n  t o  DoD 
a s e a t  oln t h e  Ada board 
benchmarks f o r  perEormance 
p r o t o t y p i n g  
development of a p p r o p r i a t e  t o o l s  t o  p a r t i t i o n  and a l l o c a t e  
Ada e n t i t i e s  a c r o s s  d i s t r i b u t e d  a p p l i c a t i o n s  
i n t r o d u c t i o n  and u t i l i z a t i o n  of r e u s a b l e  components 
i n v e s t i g a t i o n  of f a l l b a c k  p o s i t i o n  o p t i o n s  Eor h i g h  r i s k  
a r e a s  
3,  The commitment t o  Ada r e q u i r e s  a n  e d u c a t i o n  program i n  s o f t w a r e  e n g i n e e r i n g  
methodologies wi th  Ada, which shou ld  begin  as soon a s  p o s s i b l e .  The e d u c a t i o n  
i n e l ~ l d e s  t h e  s t u d y  of r e l e v a n t  examples. It should cover  m u l t i p l e  l e v e l s  of 
management, a p p l i c a t i o n  programmers, e t c .  
4 ,  NASA must d e f i n e  i t s  requ i rements  f o r  t h e  run-time suppor t  l i b r a r y  and k e r n e l  f o r  
t h e  t a r g e t  sys tems,  i n c l u d i n g  d i s t r i b u t e d  t a r g e t s .  
5 ,  NASA needs t o  d e f i n e  t h e  requirements  f o r  t h e  i n t e r f a c e  t o  t h e  run-time system. 
6 ,  The f i r s t  v e r s i o n  of t h e  SDE should no t  be c o n s t r a i n e d  t o  have a s i n g l e  r e q u i r e -  
ments language,  A 1  e x p e r t  systems language,  o r  p r o t o t y p i n g  language.  
7 ,  NASA should determine t h e  requ i rements  f o r  and s e l e c t  o r  develop requ i rements  and 
d e s i g n  s p e c i f i c a t i o n  languages  o r  i n t e r f a c e s  t h a t  complement t h e  SDE and Ada. 
8, The design language shou ld  be s y n t a c t i c a l l y  and s e m a n t i c a l l y  c o n s i s t e n t  w i t h  t h e  
development language and should have on- l ine  s u p p o r t  f o r  i n t e r f a c e  checks ,  e t c .  
9 ,  For a l l  l e v e l s  of u s e r  i n t e r f a c e s ,  t h e r e  shou ld  be a s e t  of s t a n d a r d s  t o  p rov ide  
commonality a c r o s s  a l l  phases  of t h e  Space S t a t i o n  l i f e  c y c l e .  
10, NASA should i d e n t i f y  a l l  c a t e g o r i e s  of u s e r s  and u s e r  i n t e r f a c e s ,  and q u i c k l y  
proceed w i t h  r a p i d  p r o t o t y p i n g  t o  determine t h e  r e a l  r equ i rements .  
I I ,  S ince  Space S t a t i o n  s o f t w a r e  w i l l  evo lve  over  30 y e a r s ,  NASA should  t r a c k  l an-  
guage technology and a c t  a p p r o p r i a t e l y .  
LANGUAGE ISSUES FOR SPACE STATION 
P r o f e s s o r  V i c t o r  Basi l i  began by rev iewing  t h e  e s s e n t i a l  c o n s i d e r a t i o n s  and i n i t i a l  
recommendations of 1984 workshop ( r e f .  1 )  g i v e n  i n  t h e  next t h r e e  f i g u r e s ,  He com- 
mented t h a t  language was t o  be cons idered  as a n o t a t i o n  and t o o l  f o r  s u p p o r t i n g  
. a p p l i c a t i o n  domains 
. phases  of t h e  l i f e  c y c l e  
. methods 
i n  such a  way t h a t  it s a t i s f i e s  c r i t e r i a  of e a s e  of u s e ,  r e a d a b i l i t y ,  e f f i c i e n c y ,  
m o d i f i a b i l i t y ,  p o r t a b i l i t y ,  low c o s t ,  e t c .  
There fore  we need t o  ( 1 )  c a t e g o r i z e  a p p l i c a t i o n s ,  e.g. f l i g h t  s o f t w a r e ,  suppor t  
sys tems,  and o p e r a t i o n s ,  (2 )  c a t e g o r i z e  phases  of t h e  l i f e  c y c l e ,  e.g. r e q u i r e m e n t s ,  
d e s i g n ,  code,  and t e s t ,  and (3)  d e l i n e a t e  methodologies  and recommend languages  o r  
c r i t e r i a  f o r  s e l e c t i n g  a fami ly  o r  s e t  of languages  f o r  use  i n  Space S t a t i o n .  
One of t h e  concerns  i n  choosing languages  is  t h a t  because  t h e y  a r e  an  i n t e g r a l  p a r t  
of t h e  so f tware  development environment ,  t h e  d e c i s i o n s  on languages  cannot be made 
independent  of t h e  d e c i s i o n s  about  t h a t  environment.  I n  t u r n ,  t h e  environment w i l l  
and should be i n f l u e n c e d  and c o n s t r a i n e d  by t h e  methodolog ica l  and t ec 'hno log ica l  
i s s u e s  dec ided  upon f o r  Space S t a t i o n .  These methodological  i s s u e s  w i l l  c e r t a i n l y  be 
i n f l u e n c e d  by t h e  management and s t a n d a r d i z a t i o n  i s s u e s .  
Environment 
Management and S t a n d a r d i z a t i o n  
ESSENTIAL CONSIDERATIONS 
REQU I REMENTS 
HAVE DEFINED CANDIDATE LANGUAGES FOR OPERATION 
NEED STUDY FOR DEVELOPMENT 
2 ,  USE OF LANGUAGES 
COBOL, FORTRAN, HAL/S PRIMARY 
Cu PASCAL, PL/1. SOME GAINS 
3, SOFTWARE HERITAGE AND REUSABILITY 
LONG LIFE OF SPACE STATION-SPACE TRANSPORTATION 
SYSTEM ' 
Li I EVOLUTION OF LANGUAGES 
STRATEGY FOR CHANGING LANGUAGES OVER TIME 
b I  GEiNERAL AND SPECIAL PURPOSE LANGUAGES 
HOW MANY LANGUAGES ARE NECESSARY? 
HOW DO WE HANDLE A MULTIPLICITY OF LANGUAGES? 
6 STANDARD1 ZAT I ON 
SHOULD THE LANGUAGE DEFINITION BE STANDARDIZED? 
ESSENTIAL CONSIDERATIONS 
7 ,  ASSEMBLY LANGUAGE 
HOW MUCH, IF ANY, ASSEMBLY LANGUAGE SHOULD BE 
ALLOWED? 
WHAT IS THE EFFECT OF LANGUAGE SELECTION ON 
9, MULTI-LINGUAL ENVIRONMENTS 
HOW ARE LANGUAGES CHOSEN TO BE COMPATIBLE WITH 
10, DISTRIBUTED PROCESSING 
HOW WILL THE LANGUAGE SUPPORT DISTRIBUTED PROCESSING? 
11, TRANSPORTAB I LI TY 
12, LESSONS LEARNED 
HOW DO WE MAKE USE OF THE DATA ON LESSONS LEARNED 
ABOUT SOFTWARE MANAGE~IENT? 
INITIAL RECOMMENDATIONS FOR PANEL CONSIDERATION 
I, REVISIT "HIGH ORDER LANGUAGE" C\!HITE PAPER (AUDREY DOROFEE) 
2, USE ANSI STANDARDS 
3 COLLECT DATA ABOUT DEVELOPMENT TO DETERMINE 
EVOLUTIONARY APPLICATIONS 
4, ESTABLI SH GENERIC REQUIREMENTS OF TOOLS 
5 STANDARDIZE ON LANGUAGE - STUDY ADA 
6, USE OF ASSEMBLY LANGUAGE SHOULD BE MINIMIZED 
7 EVALUATE ADVANTAGES AND DI SADVANTAGES OF A CANDIDATE 
SET OF LANGUAGES 
8, EVALUATE DISTRIBUTED PROCESSING MACHINES WITH RESPECT 
TO LANGUAGES AND TOOLS 
Q 8 EVALUATE LANGUAGES FOR REQUIREMENTS AND SPEC1 FI CATION* 
DESIGN* AND SPECIAL APPLICATIONS 
Bas i 
t h e  
v a r i  
.li proposed t h a t  
r equ i rements  Eor 
.ous languages  i n t  
t h e  panel  proceed by (1) g e n e r a t i n g  a s e t  of g o a l s  based upon 
Space S t a t i o n ,  ( 2 )  r e f i n i n g  (and d e f i n i n g )  t h o s e  golals f o r  t h e  
o a s e t  oE technology q u e s t i o n s  t h a t  shou ld  be answered,  and (3)  
s e l e c t i n g  languages  o r  g i v i n g  s e l e c t i o n  c r i t e r i a  based upon t h e  answers t o  t h e s e  
q u e s t i o n s .  
Sample g o a l  a r e a s  inc lude  t h e o r e t i c a l ,  t e c h n i c a l ,  methodological ,  p o l i t i c a l ,  manage- 
ment, and a p p l i c a t i o n  o r i e n t e d  i s s u e s .  Sample q u e s t i o n s  i n  t h e s e  a r e a s  (adap ted  Erom 
q u e s t i o n s  posed by Susan Gerhar t  on Pro log)  a r e :  
Theory: 
. Is t h e  language w e l l  d e f i n e d ?  
. What a r e  t h e  f u n c t i o n a l  c a p a b i l i t i e s  of t h e  language and i t s  l i m i t a t i o n s ?  
Technology: 
. How s t a b l e  is  t h e  technology behind t h e  language d e s i g n ,  t h e  compiler  
des ign?  
. Are t h e r e  p roduc t ion  q u a l i t y  compi le r s  o r  i n t e r p r e t e r s ?  
. Are t h e r e  performance i s s u e s  t h a t  need t o  be addressed?  
. Are t h e r e  adequa te  development environments? 
. How does t h e  technology behind t h e  language compare wi th  t h e  technology 
behind o t h e r  languages  i n  i t s  c l a s s ?  
. What k inds  of t o o l s  e x i s t ?  
. Is t h e r e  c o n t r o l  of t h e  d e f i n i t i o n  of t h e  language? 
Methodology: 
. What methodologies  does t h e  language s u p p o r t ?  
. Can t h e  language be combined o r  i n t e r f a c e d  w i t h  o t h e r  languages  and 
s y s  terns? 
. W i l L  t h e  programs i n  t h e  language make use  of e x i s t i n g  s o f t w a r e  
i n  o t h e r  languages?  
How a r e  t h e  u s u a l  d e s i r a b l e  p r o p e r t i e s  of programs, such  a s  c o r r e c t n e s s ,  
r o b u s t n e s s ,  e f E i c i e n c y ,  m o d i f i a b i l i t y ,  e t c . ,  addressed  i n  t h e  language? 
. Can t h e  language be i n t e g r a t e d  w i t h  o t h e r  phase languages  a c r o s s  t h e  
e n t i r e  l i f e  c y c l e ?  
Now a r e  o the r  technologies  supported by t h e  language, e.g. t r anspo r t -  
a b i l i t y ,  d i s t r i b u t e d  processing,  p ro to typing ,  e t c .  
Appl ica t ions :  
What a p p l i c a t i o n  a r e a s  does t h e  language address? 
What a p p l i c a t i o n  l i b r a r i e s  e x i s t ?  
What a p p l i c a t i o n  a r e a s  have used t h e  language? 
Management : 
How does one manage (p l an ,  c o n t r o l ,  d i r e c t )  p r o j e c t s  i n  t h e  language? 
Can modern sof tware engineer ing p r a c t i c e s  be brought t o  bear  on p r o j e c t s  
i n  t h e  language? 
. What is involved i n  t h e  t r a i n i n g  of personnel  i n  t h e  language? 
Evaluat ion:  
Are t h e r e  marketing and t echn ica l  p r o j e c t i o n s  f o r  t he  language? 
Kow does one become p r o f i c i e n t  i n  t he  language? 
What eva lua t ions  o r  case s t u d i e s  have been done, and what a r e  t h e  
concerns and b e n e f i t s  they point  out?  
Soc i a l ,  P o l i t i c a l ,  H i s t o r i c a l :  
Is t h e  language p o l i t i c a l l y  sound? 
What con t rove r s i e s  has it gone through? 
What is  the  ex t en t  oE i t s  use? 
RATIONALE FOR RECOXMENDATIONS 
1. Recommendation : 
NASA should  avoid  premature commitment t o  hardware implementat ion d e c i s i o n s .  System 
and sof tware  a r c h i t e c t u r e  shou ld  be d e f i n e d  f i r s t .  
Rat i o n a l e  : 
A r e c u r r i n g  problem w i t h  l a r g e  sys tems ,  p a r t i c u l a r l y  t h o s e  w i t h  a long development 
c y c l e ,  is t h a t  t h e  hardware is s e l e c t e d  ( o r  mandated) b e f o r e  t h e  system a r c h i t e c t u r e  
i s  designed.  As a  r e s u l t ,  t h e  s o f t w a r e  a r c h i t e c t u r e  is o v e r c o n s t r a i n e d ,  memory and 
performance become s e r i o u s  c o n s t r a i n t s  as t h e  requ i rements  e v o l v e ,  and t h e  hardware 
i s  o b s o l e t e  b e f o r e  t h e  sys tem i s  o p e r a t i o n a l .  
By de lay ing  s e l e c t i o n  of t h e  hardware u n t i l  the  sys tem and s o f t w a r e  a r c h i t e c t u r e  i s  
unders tood ,  NASA can make i n t e l l i g e n t  e n g i n e e r i n g  t r a d e - o f f s  between hardware and 
sof tware .  System and sof tware  a r c h i t e c t u r e  shou ld  a l l o w  
. e a r l y  p r o t o t y p i n g  u s i n g  a v a i l a b l e  hardware o r  emula t ion ,  
. use  of t h e  most advanced hardware a v a i l a b l e  when it is  t ime 
t o  commit , and 
. replacement of t h i s  hardware l a t e r  w i t h  minimum impact.  
This  recommendation complements t h e  SDE panel  recommendation t h a t  t h e  SDE s u p p o r t  
m u l t i p l e  t a r g e t s .  It does not  c o n f l i c t  w i t h  t h e  a g g r e s s i v e  a d o p t i o n  of s t a n d a r d s ;  
r a t h e r ,  i t  s e r v e s  t o  focus  on a d o p t i o n  of s t a n d a r d s  a t  t h e  a p p r o p r i a t e  l e v e l  ( e . g . ,  
bus s t a n d a r d s  and p r o t o c o l s ) .  It is a l s o  c o n s i s t e n t  w i t h  t h e  cho ice  of Ada a s  t h e  
implementat ion language,  provided t h a t  p o r t a b i l i t y  g u i d e l i n e s  a r e  developed and 
s t r e s s e d .  
2 .  Recommendat ion :  
NASA should  d e c l a r e  Ada now a s  t h e  p r e f e r r e d  high-order  language f o r  source  code 
development and a d d r e s s  t h e  fo l lowing  i s s u e s  as q u i c k l y  as p o s s i b l e :  
. t r a n s i t i o n  s t r a t e g y  
. procurement i s s u e s  
. i n t e r f a c e s  t o  e x i s t i n g  NASA s o f t w a r e  
. development of g u i d e l i n e s  f o r  app ly ing  Ada t o  v a r i o u s  
a p p l i c a t i o n  a r e a s  
. development of a p p r o p r i a t e  run-time suppor t  environments  f o r  
NASA a p p l i c a t i o n s  
. e d u c a t i o n  
. a l i a i s o n  t o  DoD 
a  s e a t  on t h e  Ada board 
benchmarks f o r  performance 
p r o t o t y p i n g  
development of a p p r o p r i a t e  t o o l s  t o  p a r t i t i o n  and a l l o c a t e  
Ada e n t i t i e s  a c r o s s  d i s t r i b u t e d  a p p l i c a t i o n s  
i n t r o d u c t i o n  and u t i l i z a t i o n  of r e u s a b l e  components 
i n v e s t i g a t i o n  of f a l l b a c k  p o s i t i o n  o p t i o n s  f o r  h i g h  r i s k  
a r e a s  
R a t i o n a l e :  
Many a s p e c t s  of Space S t a t i o n  s o f t w a r e  would be s i rnpler  i f  i t  were a l l  w r i t t e n  i n  a 
s i n g l e  programming language: compi le r s ,  suppor t  t o o l s ,  t r a i n i n g ,  so f tware  r e u s a b i l -  
i t y ,  maintenance.  Such uniEormity  i s  of course  not  comple te ly  r e a l i z a b l e ,  f o r  no 
s i n g l e  language would be a p p r o p r i a t e  i n  e v e r y  c a s e ,  and NASA a l r e a d y  h a s  s o f t w a r e  i n  
s e v e r a l  languages .  N e v e r t h e l e s s ,  s e l e c t i n g  one high-order  language as t h e  p r e f e r r e d  
language f o r  new sof tware  and s u p p o r t i n g  t h i s  cho ice  wi th  t h e  SDE and t r a i n i n g  would 
f o c u s  t h e  Space S t a t i o n  s o f t w a r e  e f f o r t  and f o s t e r  t h e  aforement ioned b e n e f i t s  of 
commonality. C a l l i n g  t h i s  s e l e c t i o n  a p r e f e r e n c e  i n s t e a d  of a  requirement  would 
l e a v e  room f o r  NASA t o  a l l o w  t h e  u s e  of o t h e r  languages  when it is  more a p p r o p r i a t e ,  
whi le  f i r m l y  e s t a b l i s h i n g  t h e  d i r e c t i o n  of NASA's economic and o r g a n i z a t i o n a l  
s u p p o r t .  
I f  a  s i n g l e  high-order  language is t o  be p r e f e r r e d ,  i t  shou ld  be e v a l u a t e d  accord ing  
t o  s e v e r a l  c r i t e r i a  o u t l i n e d  e l sewhere .  One of t h e s e  c r i t e r i a  i s  suppor t  f o r  modern 
s o f t w a r e  e n g i n e e r i n g  methods. It would c e r t a i n l y  be a  mis take f o r  NASA t o  p r e f e r  a 
language t h a t  d i d  n o t  suppor t  t h e s e  methods, £ o r  such a language would i n e v i t a b l y  
t end  t o  impede t h e i r  use .  A h igh-order  language s u p p o r t i n g  a b s t r a c t i o n ,  informati-on 
h i d i n g ,  communicating s e q u e n t i a l  p r o c e s s e s ,  and s i m i l a r  concep t s  would be a welcome 
improvement over  o l d e r  languages  t h a t  do n o t  a d e q u a t e l y  suppor t  t h e s e  methods. 
A f t e r  reviewing t h e  a l t e r n a t i v e s ,  t h e  pane l  concluded t h a t  Ada is t h e  language show- 
i n g  t h e  g r e a t e s t  p o t e n t i a l  i n  t h i s  r egard .  Ada's s t r o n g  d a t a  t y p i n g ,  packages ,  
g e n e r i c s ,  and over load ing  suppor t  a b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g .  The e x c e p t i o n  
hand l ing  c a p a b i l i t y  s u p p o r t s  t h e  r e p o r t i n g  and hand l ing  of e r r o r s  and u n l i k e l y  s i t u -  
a t i o n s  i n  a  roanner c o n s i s t e n t  w i t h  a b s t r a c t i o n .  Tasking s u p p o r t s  communicating 
s e q u e n t i a l  p r o c e s s e s  a t  a  h i g h e r  l e v e l  (analogous t o  procedure  c a l l )  t h a n  o t h e r  syn- 
c h r o n i z a t i o n  mechanisms, such a s  semaphores. A r i t h m e t i c  i s  w e l l  d e f i n e d  and s u p p o r t s  
e f f i c i e n t  f ixed-po in t  o p e r a t i o n s .  R e p r e s e n t a t i o n  c l a u s e s  suppor t  i n t e r r u p t  h a n d l i n g ,  
hardware inpu t -ou tpu t  i n t e r f a c e s ,  and s i m i l a r  implementation-dependent m a t t e r s .  
S e p a r a t e  compi la t ion  s u p p o r t s  e f f i c i e n t  s o f t w a r e  development and d i s t r i b u t i o n .  
Although Ada is a l a r g e  and complex language,  i t s  f e a t u r e s  a r e  u s e f u l .  
Unl ike  most languages  s u p p o r t i n g  modern s o f t w a r e  e n g i n e e r i n g  methods, Ada i s  no t  a  
product of t h e  academic community, w i t h  in formal  suppor t  and u n c o n t r o l l e d  changes;  
nor  is  i t  a  p r o p r i e t a r y  language w i t h  l i m i t e d  a v a i l a b i l i t y .  Ada is  a  government and 
ANSI s t a n d a r d ,  and as such it is  s t a b l e  and suppor ted .  Th is  suppor t  i s  r a p i d l y  grow- 
ing .  More and more compi le r s  and programming environments  f o r  v a r i o u s  h o s t  and 
t a r g e t  machines a r e  coming on to  t h e  market.  A p p l i c a t i o n s  a r e  a l s o  being w r i t t e n  i n  
Ada. (The cjompany of  one panel  member has  a l r e a d y  g e n e r a t e d  more t h a n  one m i l l i o n  
l i n e s  of Ada code.) Resources support ing Ada a p p l i c a t i o n  developments a r e  a l r eady  i n  
t he  range of one ha l f  b i l l i o n  d o l l a r s  per  year.  The research  community has taken a 
g r e a t  i n t e r e s t  i n  Ada and d i s t r i b u t e d  systems, program des ign ,  program va l ida t ion ,  
and o the r  a r e a s  app l i cab le  t o  Space S ta t ion .  By s e l e c t i n g  Ada, NASA can c a p i t a l i z e  
on t h i s  s u b s t a n t i a l  investment and begin t o  inf luence  the  course of fu tu re  Ada work. 
I f  NASA is t o  choose Ada, it should do so now, so  t h a t  a c t i v i t i e s  dependent on t h i s  
choice can begin. NASA and con t r ac to r s  need time f o r  educat ion,  planning, and the  
s p e c i f i c a t i o n  of Ada-related requirements.  Ada vendors need time t o  become aware of 
t h e  new market provided by Space S t a t i o n  and t o  adapt  compilers and run-time support  
packages t o  Space S t a t i o n  requirements.  NASA must a l s o  address  the s e r i e s  of i s s u e s  
enumerated i n  t h i s  recommendation, which a r e  d iscussed  below. 
The f i r s t  t h ing  NASA must do is t o  formulate a s t r a t e g y  f o r  t he  t r a n s i t i o n  t o  Ada. 
Natura l ly ,  t h e s e  p lans  w i l l  involve t h e  management, s t anda rds ,  and SDE i s s u e s  con- 
s ide red  by the o the r  panels .  In  p a r t i c u l a r ,  t h e  SDE must inc lude  a f u l l  s e t  of 
sof tware development t o o l s  compatible wi th  Ada. 
Procurement i s s u e s  must be addressed,  inc luding  
. development of Ada compilers and run-time packages f o r  new 
environments 
. con t r ac tua l  o b l i g a t i o n  t o  use Ada and the  SDE -- who w i l l  bear  
t he  r i s k s ?  
. con t r ac tua l  o b l i g a t i o n  t o  use Ada proper ly  -- how can the  use of 
appropr ia te  sof tware engineering methods be guaranteed? 
. waivers -- when is another  language p re fe rab le  f o r  new soEtware? 
. procurement of off-the-shelf sof tware -- should it too  be 
w r i t t e n  i n  Ada, i n  case NASA should have t o  take  over its 
maintenance? How would t h i s  a f f e c t  i ts  cos t  and a v a i l a b i l i t y ?  
NASA must decide how t o  apply i t s  l a r g e  base of e x i s t i n g  software t o  Space S t a t i o n :  
- NASA could cont inue t o  use  stand-alone sof tware ,  a s  long a s  
maintenance c o s t s  were not excessive.  
- Other sof tware could be used d i r e c t l y  w i th in  an Ada environment, 
i f  s u i t a b l e  implementations of the  " in t e r f ace"  pragma e x i s t e d  i n  
t h a t  environment. NASA would probably have t o  fund the  development 
of Ada i n t e r f a c e s  t o  HALIS and any o t h e r  NASA-specific languages. 
Perhaps it would be b e t t e r  t o  r ewr i t e  such software i n  Ada: 
t h i s  would o f t e n  be s t r a igh t fo rward ,  t h e  r e s u l t i n g  Ada code 
would be much more po r t ab l e ,  and it might even be economical 
i f  the  software had t o  be changed anyway. 
- Software t h a t  is not  d i r e c t l y  reusable  may conta in  the  only e x i s t i n g  
documentation f o r  a lgori thms app l i cab le  t o  Space S ta t ion .  
Important a lgori thms t h a t  would be d i f f i c u l t  t o  re-derive 
should not be l o s t ;  Ada o r  an  Ada-based PDL would be an i d e a l  
medium f o r  preserving and documenting them, a s  we l l  a s  us ing  them. 
A cavea t  i s  i n  o r d e r ,  however: Most o l d e r  s o f t w a r e  was developed wi thou t  b e n e f i t  of 
concepts  t h a t  enhqnce r e u s a b i l i t y  and e a s e  of change,  such as a b s t r a c t i o n ,  informa- 
t i o n  h i d i n g ,  and even good documentation.  Consequent ly ,  t h e  s t r a t e g i e s  no ted  above 
may prove d i f f i c u l t .  Old s o f t w a r e  shou ld  be e v a l u a t e d  and adap ted  u s i n g  t h e  same 
c r i t e r i a  a p p l i e d  t o  new sof tware ;  t o  do o t h e r w i s e  would d e f e a t  much of t h e  purpose of 
u s i n g  Ada and would prolong r e u s a b i l i t y ,  p o r t a b i l i t y ,  and m a i n t a i n a b i l i t y  problems 
i n t o  t h e  2 1 s t  c e n t u r y .  
T r a i n i n g  i n  t h e  p roper  use  of Ada i s  of such importance t h a t  t h e  pane l  made a separ-  
a t e  recommendation i n  t h i s  a r e a  ( s e e  recommendation 3 ) .  
Any major Ada u s e r  shou ld  have c l o s e  t i e s  w i t h  t h e  Ada community a t  l a r g e .  Con- 
s e q u e n t l y ,  NASA should  e s t a b l i s h  a l i a i s o n  w i t h  DoD and t h e  Ada J o i n t  Program O f f i c e .  
Fur thermore,  any agency committing such  a n  impor tan t  and v i s i b l e  p r o j e c t  t o  Ada de- 
s e r v e s  a  vo ice  i n  Ada's f u t u r e  development. T h e r e f o r e ,  NASA should  seek  a  s e a t  on 
t h e  Ada board.  
C u r r e n t l y ,  Ada compilers  a r e  v a l i d a t e d  by t h e  DoD w i t h  r e s p e c t  t o  c o r r e c t n e s s  only;  
t h e y  do n o t  have t o  pass  any performance benchmarks. Since  performance w i l l  be a 
major i s s u e  i n  many Space S t a t i o n  a p p l i c a t i o n s ,  NASA should  i n i t i a t e  o r  j o i n t l y  
sponsor  a  benchmarking a c t i v i t y  f o r  e v a l u a t i o n  of Ada compilers  and suppor t  l i b r a r -  
i e s .  It should t e s t  t h e  performance of Ada programs i n  d i s t r i b u t e d  systems and high- 
speed rea l - t ime  systems as w e l l  a s  i n  more r o u t i n e  c o n t e x t s .  Such benchmarks w i l l  
a l s o  h e l p  t o  i d e n t i f y  h igh- r i sk  a r e a s  needing a t t e n t i o n .  
Ada's suppor t  f o r  a b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g  makes it e s p e c i a l l y  good f o r  
r a p i d  p ro to typ ing .  Once a d e s i g n  h a s  been produced i n  t h e  form of a c o l l e c t i o n  of 
Ada package s p e c i f i c a t i o n s  ( w i t h  a s s o c i a t e d  s e m a n t i c s ) ,  t h e  component packages can be 
implemented i n  p a r a l l e l ,  each  wi thout  r e g a r d  f o r  how t h e  o t h e r s  are implemented. 
Such a  p r o t o t y p e  can then  be t ransformed i n t o  a  f i n i s h e d  product  by independen t ly  
changing t h e  implementat ions  of each  of i t s  components. With t h e  i n t e r f a c e  pragma o r  
a s p e c i a l  i n t e r f a c e  package,  t h e  SDE might a l s o  suppor t  t h e  r a p i d  implementat ion of 
a n  Ada package u s i n g  a  s e p a r a t e  program, perhaps  i n  a  ve ry  h i g h  l e v e l  language (e .g . ,  
P r o l o g ) .  NASA shou ld  u s e  e a r l y  p r o t o t y p i n g  t o  i n v e s t i g a t e  a p p l i c a t i o n  a r e a s  such  as 
f a u l t - t o l e r a n t  and d i s t r i b u t e d  systems. Th is  would h e l p  determine how w e l l  Ada sup- 
p o r t s  t h e s e  a p p l i c a t i o n s  and would consequen t ly  reduce t h e  p r e s e n t  u n c e r t a i n t y  i n  
t h i s  r egard .  
The use  of Ada i n  d i s t r i b u t e d  sys tems ,  i n c l u d i n g  t h e  need f o r  t o o l s  t o  a l l o c a t e  Ada 
e n t i t i e s  a c r o s s  such  systems,  is addressed  f u r t h e r  i n  recommendations 4 and 5 .  
Space S t a t i o n  a p p l i c a t i o n s  shou ld  s h a r e  t h e  same s o f t w a r e  wherever p o s s i b l e .  Re- 
u s a b l e  s o f t w a r e  can reduce t h e  c o s t  of s o f t w a r e  requ i rements  s p e c i f i c a t i o n ,  decom- 
p o s i t i o n ,  and d e s i g n  (because  i t  is o f t e n  e a s i e r  t o  recognize  what i s  needed t h a n  t o  
d e f i n e  i t ) ,  coding and t e s t i n g  (because  n e i t h e r  i s  needed i n  o r d e r  t o  use  a n  
e x i s t i n g ,  t e s t e d  implementa t ion) ,  and maintenance (because  changes t o  one r e u s a b l e  
module a r e  cheaper  t h a n  changes t o  s e v e r a l  n e a r l y  i d e n t i c a l  ones ) .  Ada is a n  
e x c e l l e n t  t o o l  f o r  s u p p o r t i n g  r e u s a b i l i t y ,  s i n c e  r e u s a b i l i t y  i s  d i r e c t l y  r e l a t e d  t o  
a b s t r a c t i o n  and in format ion  h i d i n g .  However, i t  is no t r i v i a l  matter t o  d e s i g n  
a b s t r a c t i o n s  t h a t  a r e  amenable t o  r e u s e .  To suppor t  r e u s a b l e  s o f t w a r e ,  NASA should  
develop o r  adopt a taxonomy of s o f t w a r e  a b s t r a c t i o n s ,  
i d e n t i f y  s p e c i f i c  r e u s a b l e  a b s t r a c t i o n s ,  
. develop a l i b r a r y  oE Ada package s p e c i f i c a t i o n s  f o r  t h e s e  
a b s t r a c t i o n s ,  ca ta logued  accord ing  t o  t h e  aforement ioned taxonoziy 
( s o  t h a t  p r o j e c t s  can f i n d  packages u s e f u l  t o  them) 
. develop a p r o t o t y p e  package body f o r  each l i b r a r y  package 
( s o  t h a t  p r o j e c t s  can t e s t  code t h a t  u s e s  t h e s e  packages) ,  
. p u b l i c i z e  t h e  l i b r a r y  and encourage -- perhaps  even reward -- 
t h e  use  of i t s  packages ,  
. develop e f f i c i e n t  package bod ies  f o r  each  l i b r a r y  package 
( s o  t h a t  p r o j e c t s  can t e s t  t h e i r  p roduc t s  f o r  perEormance and 
r e l e a s e  them),  and 
. d e v i s e  a p l a n  f o r  adding t o  t h i s  s o f t w a r e  l i b r a r y .  
The SDE should  suppor t  t h e  use  of r e u s a b l e  components from t h i s  l i b r a r y  and t h e  
s e a r c h  of t h e  l i b r a r y  c a t a l o g  f o r  components of i n t e r e s t .  I n  a d d i t i o n ,  it shou ld  
a l l o w  t h e  l i b r a r y  t o  c o n t a i n  more than  one implementat ion v e r s i o n  of a s i n g l e  Ada 
package,  s o  t h a t  u s e r s  can s e l e c t  from implementat ions  op t imized  i n  d i f f e r e n t  ways 
(e.g. ,  e x e c u t i o n  speed v e r s u s  memory r e q u i r e d ) .  
The cho ice  of Ada i s  not  wi thou t  r i s k ,  a l t h o u g h  much of it is i n  a r e a s  t h a t  w i l l  be 
r i s k y  whether Ada i s  used o r  n o t .  I n  p a r t i c u l a r ,  i n  some q u a r t e r s  t h e r e  i s  uncer- 
t a i n t y  about  (1) t h e  a p p l i c a b i l i t y  of Ada t o  d i s t r i b u t e d ,  f a u l t - t o l e r a n t ,  and hard  
rea l - t ime  sys tems ,  (2 )  t h e  e f E i c i e n c y  of Ada run-time suppor t  environments and of 
code g e n e r a t e d  by Ada compi le r s ,  e s p e c i a l l y  f o r  t a s k i n g  i n  rea l - t ime  and d i s t r i b u t e d  
systems,  and (3) t h e  development of good Ada implementat ions  Eor t h e  p a r t i c u l a r  
machine a r c h i t e c t u r e s  t h a t  might be used f o r  Space S t a t i o n .  
P r o t o t y p i n g ,  benchmarking, and work on run-time suppor t  environments  shou ld  r e s o l v e  
t h e  f i r s t  two i s s u e s .  Postponement of hardware s e l e c t i o n  and t h e  e v e n t u a l  use  of 
off - the-shelf  machine a r c h i t e c t u r e s  shou ld  minimize t h e  last  problem, by reduc ing  t h e  
chance t h a t  an  unexpec ted ly  d i f f i c u l t  a r c h i t e c t u r e  w i l l  be s e l e c t e d  wich i n s u f f i c i e n t  
t ime t o  produce a good implementat ion f o r  i t .  N e v e r t h e l e s s ,  a t  l e a s t  u n t i l  t h e s e  
problems have been put  t o  r e s t ,  f a l l b a c k  p o l i c i e s  should  be e s t a b l i s h e d  i n  each of 
t h e s e  problem a r e a s .  
3 .  Recommendation: 
The commitment t o  Ada r e q u i r e s  an  e d u c a t i o n  program i n  s o f t w a r e  e n g i n e e r i n g  method- 
o l o g i e s  w i t h  Ada, which shou ld  beg in  a s  soon as p o s s i b l e .  The e d u c a t i o n  i n c l u d e s  t h e  
s t u d y  of r e l e v a n t  examples. It should cover  m u l t i p l e  l e v e l s  of management, a p p l i -  
c a t i o n  programmers, e t c .  
Rat i o n a l e :  
The r a t i o n a l e  behind t h i s  recommendation may be p e r c e i v e d  from t h r e e  p e r s p e c t i v e s :  
systems e n g i n e e r i n g ,  methodology, and language.  
From a systems e n g i n e e r i n g  p e r s p e c t i v e ,  Space S t a t i o n  s o f t w a r e  is j u s t  one impor tan t  
p a r t  of a complex system. Sof tware  management, development,  a c q u i s i t i o n ,  and evolu-  
t i o n  a r e  a l l  s u b o r d i n a t e  t o  a t o t a l  sys tems e n g i n e e r i n g  a c t i v i t y  r e q u i r i n g  management 
and technology t r a d e - o f f s .  These t r a d e - o f f s  are c o n s t r a i n e d  by p r a c t i c e s ,  
o b l i g a t i o n s ,  and requirements at t h e  p r o j e c t ,  systems, subsystems, and i n s t i t u t i o n a l  
l e v e l s .  To make i n t e l l i g e n t  dec i s ions  a t  a l l  l e v e l s  of management and engineer ing ,  
NASA personnel need t o  understand, t o  d i f f e r e n t  degrees and from d i f f e r e n t  perspec- 
t i v e s ,  t he  programming and engineering c a p a b i l i t i e s  and l i m i t a t i o n s  of Ada, and t h e  
management imp l i ca t ions  of us ing  Ada. 
For example, i f  it went uncorrected,  t h e  myth t h a t  Ada is inhe ren t ly  i neEf i c i en t  
could d i s t o r t  eva lua t ions  of t rade-of fs  between hardware and software,  o r  between Ada 
and some o the r  programming language. A s  a more p o s i t i v e  example, an  understanding of 
how Ada and t h e  technique of information h id ing  can support a b s t r a c t  i n t e r f a c e s  t b  
hardware would make t h e  s t r a t e g y  of postponing hardware s e l e c t i o n  appear much more 
p r a c t i c a l ,  
- .  
. '1 
From the methodological perspec t ive ,  Ada is  more than  a mere programming language. 
It embodies and suppor ts  modern software engineering concepts ,  such as r i c h  d a t a  
s t r u c t u r e s ,  d a t a  a b s t r a c t i o n ,  information h id ing ,  modular packaging, except ion 
handl ing,  and communicating sequen t i a l  processes .  It has f ea tu re s  t h a t  enforce d is -  
c i p l i n e d  engineer ing ,  such a s  s t rong  typing. It ( o r  a d e r i v a t i v e )  can be used a s  a 
high-level program and system design language. It is t o  be used i n  conjunct ion wi th  
an Ada Programming Support Environment comprising powerful t o o l s  f o r  sof tware devel- 
opment. Together,  t hese  form a system support ing modern software engineering 
methods. To ensure t h a t  developers  and c o n t r a c t o r s  t ake  f u l l  advantage of t h e s e  
methods and Ada's support f o r  them, NASA personnel must themselves understand them. 
I 
Although t h e  aforementioned software engineering concepts a r e  wel l  knowa i n  t h e  Qca- 
demic and research  communities, they have not  pene t ra ted  t h e  software community a t  
l a r g e  t o  any g r e a t  degree. Consequently, many software p ro fe s s iona l s  w i l l  come t o  
t he  Space S t a t i o n  p ro j ec t  without experience i n  applying these  concepts ,  and some- 
t imes without even a b a s i c  understanding of them. Therefore,  NASA w i l l  need a 
t r a i n i n g  program t h a t  provides 
- good deEin i t ions  of t hese  concepts ,  - ,  
- examples of t h e i r  use ,  and .,:J, . , 
- p r a c t i c e  i n  applying them t o  program des ign  and ... - , . .  - , .  . . . ,  - . . .. - 
implementation wi th  Ada. I : ,  , , ...+ . 
The shor tage  of p ro fe s s iona l s  t r a i n e d  i n  t hese  methods extends t o  t he  educa t ion  and 
t r a i n i n g  community i t s e l f ,  so NASA should e s t a b l i s h  a q u a l i t y  assurance program t o  
guide and a u d i t  t h i s  t r a i n i n g .  
For example, t h e  important concepts of a b s t r a c t i o n ,  information h id ing ,  and com- 
municating sequen t i a l  processes  can be b r i e f l y  def ined and r e l a t e d  t o  Ada a s  fol lows:  
- Abst rac t ion  suppor ts  t h e  o rde r ly  decomposition of a sof tware 
system i n t o  components t h a t  can be understood s o l e l y  by r e fe rence  
t o  t h e i r  I n t e r f a c e  s p e c i f i c a t i o n s ,  which inc lude  black-box 
desc r ip t ions  of t h e  a s soc i a t ed  behavior; implementation 
d e t a i l s  a r e  suppressed. I n  a d d i t i o n  t o  f a c i l i t a t i n g  t h e  
program design process ,  t h i s  enhances software r e u s a b i l i t y ,  
s i n c e  each a b s t r a c t i o n  is  a p o t e n t i a l l y  reusable  design. Each 
of Ada's compilation u n i t s  (package, t a s k ,  subprogram, and 
gener ic )  suppor ts  a kind of abs t r ac t ion .  
- Information h id ing  emphasizes t h e  importance of conceal ing t h e  
d e t a i l s  of t he  implementation of an a b s t r a c t i o n .  Because these  
d e t a i l s  a r e  h idden ,  u s e r s  of t h e  a b s t r a c t i o n  cannot  make 
unwarranted assumptions  about t h e  implementat ion;  t h i s  makes it 
e a s i e r  t o  change t h e  implementat ion wi thou t  a f f e c t i n g  t h e  s o f t w a r e  
t h a t  u s e s  i t .  In format ion  h i d i n g  i n v o l v e s  d e s i g n i n g  t h e  
a b s t r a c t i o n s  used t o  b u i l d  a  sys tem s o  t h a t  e a c h  a s p e c t  of t h e  
sys tem t h a t  is judged l i k e l y  t o  change i s  hidden behind a s i n g l e  
a b s t r a c t  i o n ;  by a n t i c i p a t i n g  changes ,  i t  makes t h o s e  changes 
e a s i e r .  Ada's packages,  v i s i b i l i t y  r u l e s ,  and p r i v a t e  t y p e s  
s u p p o r t  i n f o r m a t i o n  h i d i n g .  
- Communicating s e q u e n t i a l  p r o c e s s e s  (CSP9s) a l l o w  t h e  decomposi t ion 
of a  system i n t o  t a s k s  t h a t  l o g i c a l l y  run  i n  p a r a l l e l ,  
o c c a s i o n a l l y  communicating w i t h  one a n o t h e r .  Complex real-time 
systems can be b u i l t  u s i n g  CSP9s,  and d i s t r i b u t e d  systems can 
be implemented by a s s i g n i n g  CSP's t o  d i f f e r e n t  p r o c e s s o r s ;  
however, many more mundane problems a l s o  have n a t u r a l  s o l u t i o n s  
i n v o l v i n g  CSP9s. Ada's t a s k s  suppor t  communicating s e q u e n t i a l  
p rocesses .  
Viewed s imply a s  a  r i c h  language,  Ada can e i t h e r  be a p p l i e d  p r o p e r l y  t o  s o l v e  complex 
problems, o r  it can be misused t o  complicate  s o l u t i o n s .  A programmer exper ienced  
w i t h  conven t iona l  languages  may be tempted t o  u s e  Ada as a  conven t iona l  language w i t h  
new syn tax .  Th is  mode of a p p l i c a t i o n  would be most u n f o r t u n a t e ,  f o r  it would d e f e a t  
t h e  fundamental  purpose of Ada's e x i s t e n c e ,  which is  t o  f o s t e r  t h e  use  of methods 
mentioned above. To f u l l y  e x p l o i r  Ada's many f e a t u r e s ,  programmers ( b o t h  NASA per-  
s o n n e l  and c o n t r a c t o r s )  need t r a i n i n g  on i t s  proper  usage.  
The s t u d y  of r e l e v a n t  examples w i l l  be an  impor tan t  p a r t  of a l l  t h i s  t r a i n i n g ,  
Obviously ,  examples of Ada programs w i l l  be r e l e v a n t  i n  t h i s  case .  However, bad Ada 
p r o g r a m  should  no t  be used a s  examples -- o t h e r  t h a n  examples of what no t  t o  do. 
U n f o r t u n a t e l y ,  t h e r e  is  a  r e a l  danger  h e r e :  some books on Ada u t t e r l y  f a i l  t o  a d d r e s s  
t h e  so f tware  e n g i n e e r i n g  p r i n c i p l e s  t h a t  Ada was developed t o  s u p p o r t ,  and i n s t e a d  
t e a c h  l i t t l e  more t h a n  mechanical  t r a n s l a t i o n  of bad programs i n  o t h e r  languages  i n t o  
bad programs i n  Ada. 
On t h e  o t h e r  hand, some of t h e  b e s t  and most r e l e v a n t  examples may not  even use  Ada, 
Examples of good s o f t w a r e  e n g i n e e r i n g  methods a r e  r a r e ,  and f u l l y  worked o u t  examples 
of systems of reasonab le  s i z e  a r e  rarer s t i l l .  Some of t h e s e  may use  o t h e r  lan-  
guages ,  but  they  w i l l  n e v e r t h e l e s s  be worthy of s t u d y  by t h o s e  invo lved  i n  s o f t w a r e  
d e s i g n ,  f o r  it  is  t h e  method of decomposing s o f t w a r e  i n t o  modules and d e f i n i n g  t h e  
i n t e r f a c e s  of t h o s e  modules -- t h e  s o f t w a r e  a r c h i t e c t u r e  of t h e  sys tem -- t h a t  i s  the 
most important  a s p e c t  of an  example. A good a r c h i t e c t u r e  w i l l  be v a l i d  r e g a r d l e s s  of 
t h e  implementat ion language,  and i t  w i l l  be easy  t o  map i n t o  Ada. 
NASA should  s e a r c h  t h e  l i t e r a t u r e  f o r  examples of good s o f t w a r e  d e s i g n  a p p l i c a b l e  t o  
t h e  use  of Ada b e f o r e  t r y i n g  t o  develop them i n  house o r  under c o n t r a c t .  Even i f  an  
example is  not  f u l l y  implemented, it may s t i l l  c o n t a i n  u s e f u l  m a t e r i a l .  
A t  t h i s  t ime t h e  pool of t r a i n e d  Ada p r o f e s s i o n a l s ,  p a r t i c u l a r l y  l e a d  d e s i g n e r s ,  i s  
v e r y  small. The t y p i c a l  t r a i n i n g  t ime f o r  a  l e a d  d e s i g n e r  may be as much as a  y e a r .  
NASA must r a p i d l y  s e l e c t  o r  develop t r a i n i n g  methods t h a t  w i l l  e n s u r e  a s u f f i c i e n t  
supp ly  of t r a i n e d  p r o f e s s i o n a l s  f o r  t h e  Space S t a t i o n  program. T r a i n i n g  may prove t o  
be t h e  l a r g e s t  s t a r t u p  c o s t  of t h e  t r a n s i t i o n  t o  Ada. The d u r a t i o n  and s u c c e s s  of 
t h i s  t r a i n i n g  w i l l  have a  s t r o n g  e f f e c t  on t h e  long  s o f t w a r e  l i f e  c y c l e  p r o j e c t e d  f o r  
Space S t a t i o n .  
4 ,  Recommenciat ion:  
NASA must d e f i n e  i t s  requirements  f o r  t h e  run-time suppor t  l i b r a r y  and k e r n e l  Eor t h e  
t a r g e t  sys tems,  i n c l u d i n g  d i s t r i b u t e d  t a r g e t s .  
Rat i o n a l e :  
To d e r i v e  t h e  maximum b e n e f i t s  from t h e  cho ice  of Ada a s  t h e  p r e f e r r e d  h i g h  o r d e r  
language f o r  source  code development, NASA should move q u i c k l y  t o  determine and 
c a t a l o g  i t s  requ i rements  f o r  t h e  run-time suppor t  environment of t a r g e t  p r o c e s s o r s  t o  
be embedded w i t h i n  t h e  a p p l i c a t i o n s  needed f o r  t h e  Space S t a t i o n  program (e .g . ,  
h i g h l y  data--dr iven a p p l i c a t i o n s  v e r s u s  c r i t i c a l ,  r ea l - t ime  a p p l i c a t i o n s ) .  Although 
such r e q i ~ i r e m e n t s  a r e  no t  unique t o  NASA, t h e  pane l  f e e l s  t h a t  
t h e  development schedu le  f o r  t h e  Space S t a t i o n  program p l u s  
. t h e  l a c k  of an  a p p r o p r i a t e  c a t a l o g  of requ i rements  f o r  t h e  
run-time suppor t  environment of p r o c e s s o r s  embedded i n  l a r g e ,  
complex, d i s t r i b u t e d  a p p l i c a t i o n s  
shou ld  cause  NASA t o  q u i c k l y  t a k e  a l e a d i n g  r o l e  i n  d e f i n i n g  such requ i rements .  
The run-time suppor t  environment (RTSE) p rov ides  r e s o u r c e  management and o t h e r  s e r -  
v i c e s  t o  t h e  o b j e c t  code modules of t h e  a p p l i c a t i o n  programs. Th is  suppor t  i s  t y p i -  
c a l l y  provided by a run-time k e r n e l ,  which s e p a r a t e s  bo th  t h e  a p p l i c a t i o n  modules and 
t h e  run-time l i b r a r y  modules from t h e  ba re  t a r g e t  p r o c e s s o r .  The k e r n e l  c o n t a i n s  a  
minimal s e t  of f u n c t i o n s  t h a t  a r e  used f r e q u e n t l y  and must be execu ted  s e q u e n t i a l l y .  
The run-time l i b r a r y  may be d i v i d e d  i n t o  a b a s i c  l i b r a r y  s e t  and an  extended l i b r a r y  
s e t .  The b a s i c  l i b r a r y  c o n t a i n s  modules t h a t  p rov ide  s e r v i c e s  t o  t h e  o b j e c t  code 
modules produced by a h o s t  Ada Programming Support  Environment (APSE) f o r  a  broad 
c l a s s  of a p p l i c a t i o n s .  The f u l l  s e t  of b a s i c  l i b r a r y  modules need n o t  be p r e s e n t  on 
all t a r g e t  p r o c e s s o r s .  For example, i f  t h e  a p p l i c a t i o n  program o b j e c t s  a s s i g n e d  t o  a  
g iven  t a r g e t  p rocessor  do no t  r e q u i r e  Ada's t a s k i n g  o r  heap management, t h e n  t h e  
b a s i c  l i b r a r y  modules r e s p o n s i b l e  f o r  t h o s e  f a c i l i t i e s  may be omi t t ed  from t h e  run- 
t ime environment.  
The extended l i b r a r y  c o n t a i n s  modules t h a t  may be used t o  suppor t  APSE-produced ob- 
j e c t  code i n  s p e c i f i c  a p p l i c a t i o n s  having requ i rements  beyond t h o s e  addressed  i n  t h e  
Ada Language Reference Manual ( r e f .  3) .  For example, many a p p l i c a t i o n s  would b e n e f i t  
from a run-time "monitor" t h a t  g a t h e r s  and r e p o r t s  performance s t a t i s t i c s  and f a c i l i -  
t a t e s  remote d i a g n o s t i c s  and r e c o n f i g u r a t i o n .  Other  modules might suppor t  mul t i -  
l e v e l  s e c u r i t y  and a c c e s s  c o n t r o l ,  o r  t r a n s a c t i o n s  w i t h  n e s t e d  a tomic a c t i o n s .  A l l  
such  modules could  be t r a n s p a r e n t  at t h e  Ada s o u r c e  code l e v e l  and t h u s  f a c i l i t a t e  
t h e  c o s t  e f f e c t i v e  u t i l i z a t i o n  of r e u s a b l e  components a c r o s s  a  b roader  spectrum of 
a p p l i c a t i o n s .  
C l e a r l y ,  r e g a r d l e s s  of t h e  e f f i c i e n c y  and r e l i a b i l i t y  of t h e  o b j e c t  code produced by 
a  h o s t  APSE, t h e  performance and r e l i a b i l i t y  of t h e  e x e c u t i n g  program a r e  dependent 
on t h e  run-time k e r n e l  and l i b r a r y .  
Another impor tan t  r eason  why NASA should  beg in  q u i c k l y  t o  d e f i n e  i t s  requ i rements  is 
t h e  complexity spectrum of implementing RTSE" shown below: 
. Single "stand-alone" embedded processor  t o  support 
- subse ts  of Ada 
- f u l l  Ada 
. Multiprocessor  a p p l i c a t i o n s ,  which support  t h e  p a r t i t i o n i n g  
and a l l o c a t i o n  of o b j e c t s  w i th in  t h e  Ada programs f o r  execut ion i n  
t a r g e t  environments implemented with 
- shared memory 
- shared bus 
- "n l eve l "  redundancy 
- combinations of t he  preceding 
. Dis t r ibu ted  network a p p l i c a t i o n s ,  which support t h e  
p a r t i t i o n i n g  and a l l o c a t i o n  of o b j e c t s  w i th in  t h e  Ada programs 
among geographica l ly  s epa ra t e  processing resources  f o r  execut ion.  
Such implementations may inc lude  
- Local a r e a  networks composed of s i n g l e  processor  
nodes and mul t iprocessor  c l u s t e r s  
- Remote a r e a  networks of l o c a l  a r e a  networks, s i n g l e  
processor  nodes and mul t iprocessor  c l u s t e r s .  
Ada was designed t o  serve  a s  a "common language f o r  programming l a r g e  s c a l e  and r e a l  
time systems" (Foreword, r e f .  3 ) .  The o b j e c t s  of an Ada program can be d i s t r i b u t e d  
"whenever an implementation can de t ec t  t h a t  t h e  same e f f e c t  can be guaranteed" a s  f o r  
execut ion  by a s i n g l e  processor  (Sec t ion  9 ,  r e f .  3 ) .  However, t he  cu r r en t  implemen- 
t a t i o n s  of Ada compilers and environments respond only t o  the  requirements f o r  a 
Minimal t o o l  s e t  (MAPSE). Those requirements address  a s i n g l e ,  stand-alone t a r g e t  
processor ,  and t h e r e f o r e  only t h e  s imples t  RTSE on t h e  complexity s ca l e .  Spec i f i -  
c a l l y ,  t h e  MAPSE does not r equ i r e  t h e  t o o l s  needed f o r  
. al lowing the  software engineer  t o  scan the  Ada source code 
and i d e n t i f y  which program o b j e c t s  should be a l l o c a t e d  
t o  which t a r g e t  resources and then 
. bui ld ing  t h e  load modules of a p p l i c a t i o n  code and, 
poss ib ly ,  run-time l i b r a r y  modules t o  be exported t o  t he  va r ious  
t a r g e t  processors .  
( I t  should a l s o  be noted t h a t  such t o o l s  have not been c rea t ed  i n  t h e  HAL/s environ- 
ment o r  i n  o the r  environments t h a t  were not  designed t o  support l a r g e ,  complex d is -  
t r i b u t e d  app l i ca t ions . )  The cons t ruc t ion  of such t o o l s  a s  a necessary p a r t  of t he  
Space S t a t i o n  program's Software Development Environment is  dependent upon an under- 
s tanding  of NASA's requirements f o r  a ca t a log  of f e a t u r e s  and opt ions  f o r  t h e  run- 
time ke rne l  and run-time l i b r a r y .  
5. Recommendation: 
NASA needs t o  def ine  t h e  requirements f o r  t h e  i n t e r f a c e  t o  t h e  run-time system. 
Rat ional-e : 
Whereas recommendation 4 addressed  t h e  need f o r  NASA t o  beg in  d e f i n i n g  i t s  spectrum 
of requiremerits  f o r  t h e  f u n c t i o n a l i t y ,  performance,  and r e l i a b i l i t y  of t h e  run-time 
suppor t  environments needed f o r  t h e  Space S t a t i o n  program, t h i s  recommendation 
Eocuses s p e c i - f i c a l l y  on t h e  requ i rements  f o r  t h e  i n t e r f a c e  oE t h e  o b j e c t  code of t h e  
a p p l i c a t i o n  programs t o  t h e  run-time k e r n e l  and run-time l i b r a r y .  
A major g o a l  of t h e  Space S t a t i o n  program i s  t o  suppor t  technology t r a n s p a r e n c y .  The 
economics of t h i r t y  o r  more y e a r s  oE Space S t a t i o n  e v o l u t i o n ,  opera t ion ,  and mainten- 
ance w i l l  r e q u i r e  t h a t  d i v e r s e  i n s t r u c t i o n  s e t  a r c h i t e c t u r e s  ( I S A ' s )  c o e x i s t  i n  t h e  
t a r g e t  environment.  Some of t h e s e  ISA's  w i l l  p a r t i c i p a t e  i n  subsystem a c t i v i t i e s  
t h a t  provide an i n t e g r a t e d ,  end-to-end i n f o r m a t i o n  system from e a r t h  s t a t i o n s ,  
through e n t i t i e s  i n  v a r i o u s  e a r t h  o r b i t s ,  t o  a permanent p resence  on t h e  moon. Some 
of them w i l l  p a r t i c i p a t e  i n  subsystems t h a t  must o p e r a t e  c o n t i n u o u s l y  d u r i n g  diag-  
n o s t i c s ,  r e p a i r ,  expansion,  r econEigura t ion ,  s o f t w a r e  and hardware u p d a t e s ,  and o t h e r  
system a c t i v i t i e s .  Thus, t h e  a b i l i t y  t o  map t h e  o b j e c t  code modules of a p p l i c a t i o n s  
programs t o  an  i n t e r f a c e  model of a v i r t u a l  Ada machine is  h i g h l y  d e s i r a b l e .  
Hiding machine dependencies  a s  much as p o s s i b l e  ( c o n s i s t e n t  w i t h  NASA's requ i rements  
f o r  RTSE f u n c t i o n a l i t y ,  performance,  and r e l i a b i l i t y )  and e n c a p s u l a t i n g  code t h a t  
must be machine dependent w i l l  enhance t h e  t r a n s p o r t a b i l i t y ,  r e u s a b i l i t y ,  and i n t e r -  
o p e r a b i l i t y  of Ada source  code modules and t h u s  h e l p  c o n t r o l  t h e  c o s t s  of s o f t w a r e  
ownership and inc rementa l  development. 
Organized,  i n t e r n a t i o n a l  working g roups  a r e  now a d d r e s s i n g  t h e s e  i n t e r f a c e  i s s u e s ,  
NASA should  t ake  a l e a d i n g  r o l e  i n  advancing t h i s  work. 
6.  Recommendation: 
The f i r s t  v e r s i o n  of t h e  SDE should n o t  be c o n s t r a i n e d  t o  have a s i n g l e  requ i rements  
language,  A 1  e x p e r t  systems language,  o r  p r o t o t y p i n g  language.  
Rat i o n a l e  : 
There a r e  a  number of requirements  methodologies ,  l anguages ,  and t o o l s  t h a t  might be 
of use Eor Space S t a t i o n  s o f t w a r e  development. The pane l  cons idered  whether NASA 
should s e l e c t  a p r e f e r r e d  o r  s t a n d a r d  s e t  of r equ i rements  l anguages ,  t o  f a c i l i t a t e  
communication among space s t a t i o n  p a r t i c i p a n t s  and c o n t r a c t o r s .  However, t h e  p a n e l  
decided n o t  t o  recommend t h i s  because 
- Space S t a t i o n  needs i n  t h i s  r e g a r d  are n o t  y e t  w e l l  d e f i n e d ;  
- requiirements methodologies ,  l anguages ,  and t o o l s  have n o t  y e t  
reached t h e  degree  of m a t u r i t y  r e q u i r e d  f o r  s e l e c t i n g  s t a n d a r d s ;  
and 
- F t  is  not  c l e a r  t h a t  any of t h e  c u r r e n t l y  a v a i l a b l e  i t ems  i s  
adequate  f o r  Space S t a t i o n  needs.  
S i m i l a r  c o n s i d e r a t i o n s  make it premature t o  s e l e c t  o t h e r  s p e c i a l i z e d  l anguages ,  such  
a s  e x p e r t  sys tem languages  and p r o t o t y p i n g  languages .  
However, because a l l  t h e s e  t y p e s  of development a i d s  have p o t e n t i a l  f o r  improving t h e  
p r o d u c t i v i t y  of t h e  s o f t w a r e  and system l i f e  c y c l e ,  t h e i r  use  shou ld  be e x p l o r e d ,  
For t h i s  purpose ,  t h e  SDE should  i n i t i a l l y  o f f e r  a s e l e c t i o n  of languages  of each  
type .  Many of t h e  c r i t e r i a  f o r  language s e l e c t i o n  g i v e n  e l sewhere  shoul-d be a p p l i e d  
t o  t h e  e v a l u a t i o n  of t h e s e  languages .  [See a l s o  recommendation 7.1 
7 .  Recommendation: 
NASA should  determine t h e  requirements  f o r ,  and s e l e c t  o r  develop requ i rements  and 
d e s i g n  s p e c i f i c a t i o n  languages  o r  i n t e r f a c e s  t h a t  complement t h e  SDE and Ada, 
Rat i o n a l e  : 
The s p e c i f i c a t i o n  of bo th  sys tem and s o f t w a r e  requ i rements  and d e s i g n s  f o r  a sys tem 
a s  complex as t h e  Space S t a t i o n  is  a major under tak ing  t h a t  i s  c r u c i a l  t o  sys tem 
s u c c e s s  o r  f a i l u r e .  P rev ious  programs at NASA and e l sewhere  have i d e n t i f i e d  r e q u i r e -  
ments s p e c i f i c a t i o n  i n  p a r t i c u l a r  as an  ex t remely  d i f f i c u l t  a c t i v i t y  i n  t h e  sys tem 
l i f e  cyc le .  It o f t e n  has  been c h a r a c t e r i z e d  as a c h a o t i c  decision-making p r o c e s s  
exacerba ted  by a l a c k  of adequa te  methods, l anguages ,  n o t a t i o n s ,  and t o o l s .  Research 
and development e f f o r t s  over  a decade o r  more have r e s u l t e d  i n  a number of approaches  
and t o o l s ,  some of which have merit f o r  t h e  Space S t a t i o n  e f E o r t .  
The pane l  c o n s i d e r e d  whether  NASA should  s imply r e l y  on e x i s t i n g  languages  and t o o l s  
t o  meet Space S t a t i o n  needs.  The panel  d i d  recommend t h a t  s e v e r a l  of t h e s e  a i d s  
shou ld  be p a r t  oE t h e  i n i t i a l  SDE [ s e e  recommendation 61. 
However, t h e  magnitude of t h e  Space S t a t i o n  under tak ing  and t h e  b e n e f i t s  of good re- 
qu i rements  and d e s i g n  s p e c i f i c a t i o n  a i d s  a rgue  s t r o n g l y  f o r  a focused ,  e a r l y  e f f o r t  
t o  d e f i n e  and t h e n  a c q u i r e  a s e t  of t o o l s  t a i l o r e d  t o  meet t h e  s p e c i f i c  needs of t h e  
Space S t a t i o n  program. The pane l  e x p e c t s  t h a t  many of t h e s e  t o o l s  w i l l  be cornmer- 
c i a l l y  a v a i l a b l e ,  but  some may have t o  be developed. NASA's g o a l  should be a s e t  of 
s t a n d a r d i z a b l e  requ i rements  languages  and i n t e r f a c e s  t h a t  can be used t o  f a c i l i t a t e  
communication among a l l  Space S t a t i o n  p a r t i c i p a n t s .  
Tf Ada i s  t o  be t h e  pr imary s o f t w a r e  implementat ion language,  t h e n  any requirementls 
and des ign  methods e v e n t u a l l y  adopted shou ld  be c o n s i s t e n t  w i t h  t h e  use  of Ada, 
(Recommendation 8 a d d r e s s e s  program d e s i g n  languages  i n  more d e t a i l . )  S i m i l a r l y ,  SDE 
suppor t  f o r  t h e s e  methods is  c r u c i a l  i f  they  a r e  t o  be used e f f i c i e n t l y  and i n  a 
d i s c i p l i n e d  manner. 
8. Recommendation : 
The d e s i g n  language should be s y n t a c t i c a l l y  and s e m a n t i c a l l y  c o n s i s t e n t  w i t h  t h e  
development language and shou ld  have on- l ine  s u p p o r t  f o r  i n t e r f a c e  checks ,  e t c .  
Rat i o n a l e  : 
The use  of a program d e s i g n  language (PDL) is  a recognized  component of good s o f t w a r e  
e n g i n e e r i n g  p r a c t i c e .  A common excuse  f o r  avo id ing  t h e  p r a c t i c e  is t h a t ,  a s  the  
s o f t w a r e  e v o l v e s ,  t h e  PDL is an added c o s t  and o f t e n  becomes i n c o n s i s t e n t  wi th  the  
code. 
These d i f f i c u l t i e s  can be overcome i f  t h e  PDL is  c o n s i s t e n t  wi th  t h e  development lan-  
guage because t h e  PDL is embedded i n  t h e  implementat ion.  A s  such a s o f t w a r e  s t r u c -  
t u r e  e v o l v e s ,  t h e  PDL is  main ta ined  n a t u r a l l y .  F u r t h e r ,  d e s i g n s  u s i n g  such a PDL can 
be checked f o r  semant ic  cons i s tency .  
Given Ada" f a c i l i t i e s  f o r  s t r u c t u r i n g  soEtware,  t h e  use  of a n  Ada-compatible PDL 
would a l l o w  semant ic  c o n s i s t e n c y  t o  be mainta ined throughout  t h e  s o f t w a r e  implemen- 
t a t i o n .  The SDE should  t h e r e f o r e  suppor t  t h e  u s e  oE an  Ada-based PDL. The IEEE i s  
c u r r e n t l y  completing a s t a n d a r d  f o r  t h e  use  of Ada as a PDL; NASA should  i n v e s t i g a t e  
whether  t h i s  s t a n d a r d  is a p p r o p r i a t e .  
I n  c a s e s  where Ada i s  not used a s  an  implementat ion language,  an  e x p l i c i t  d e c i s i o n  
should be made whether t o  use  Ada a s  a PDL o r  t o  use  a PDL c o n s i s t e n t  w i t h  t h e  imple- 
menta t ion  language.  I n  f a c t ,  t h i s  d e c i s i o n  shou ld  be cons idered  i n  t h e  t r ade-of f  
a n a l y s i s  l e a d i n g  t o  s e l e c t i o n  of a language o t h e r  t h a n  Ada f o r  a p a r t i c u l a r  
a p p l i c a t i o n .  
9. Recommendation: 
For a l l  l e v e l s  of u s e r  i n t e r f a c e s ,  t h e r e  shou ld  be a s e t  of s t a n d a r d s  t o  p rov ide  
commonality a c r o s s  a l l  phases  of t h e  Space S t a t i o n  l i f e  c y c l e .  
Rat i o n a l e  : 
The need f o r  a s e t  of s t a n d a r d s  f o r  u s e r  i n t e r f a c e s  is d r i v e n  by t h e  fo l lowing  
c o n s i d e r a t i o n s :  
- t h e  long l i f e  c y c l e  of t h e  Space S t a t i o n  and i t s  s u p p o r t  sys tems 
and environments ,  
- t h e  c o n s t a n t l y  changing and growing s e t  oE u s e r s ,  
- t h e  use  of common o r  government f u r n i s h e d  suppor t  sys tems and 
environments ,  
- t h e  need t o  minimize program c o s t s ,  i n c l u d i n g  s o f t w a r e ,  t r a i n i n g ,  
and customer c o s t s ,  
- t h e  h i g h  degree  of commonality i n  t h e  f u n c t i o n s  performed by 
v a r i o u s  t y p e s  and groups  of u s e r s ,  and 
- t h e  h i g h  degree  of c o o r d i n a t i o n  and i n t e g r a t i o n  of a c t i v i t i e s  
and p roduc t s  r e q u i r e d  throughout  t h e  program. 
A s e t  of s t a n d a r d s  f o r  u s e r  i n t e r f a c e s  ( i . e . ,  methods and l anguages )  w i l l  
- permit  u s e r s  t o  migra te  among s i t e s  and a c r o s s  suppor t  sys tems and 
environments  wi thou t  t h e  need f o r  e x t e n s i v e  r e t r a i n i n g ,  
- provide a g r e a t e r  degree  of p o r t a b i l i t y  and r e u s a b i l i t y  of u s e r  
g e n e r a t e d  procedures  and programs, 
- d e c r e a s e  communications, c o o r d i n a t i o n ,  and d a t a  exchange problems 
among u s e r  g roups ,  
- provide a c e n t r a l  c o r e  t o  which unique u s e r  i n t e r f a c e  requ i rements  
can be added, and 
- minimize t h e  amount and c o s t  of u s e r  i n t e r f a c e  s o f t w a r e ,  documents, 
t o o l s ,  and t r a i n i n g .  
10. Recommendat ion: 
NASA should i d e n t i f y  a l l  c a t e g o r i e s  of u s e r s  and u s e r  i n t e r f a c e s ,  and q u i c k l y  proceed 
wi th  r a p i d  p r o t o t y p i n g  t o  determine t h e  r e a l  r equ i rements .  
Rat i o n a l e  : 
User i n t e r f a c e s  a r e  an  e s s e n t i a l  p a r t  oE any suppor t  sys tem,  environment ,  or t o o l .  
The d e f i n i t i o n  and des ign  of u s e r  i n t e r f a c e s  come e a r l y  i n  t h e  l i f e  c y c l e  of s u p p o r t  
sys tems ,  environments ,  and t o o l s .  I f  t h e r e  is  t o  be a set oE s t a n d a r d s  f o r  Space 
S t a t i o n  u s e r  i n t e r f a c e s  ( a s  i n  recommendation 9 ) ,  a l l  u s e r  c a t e g o r i e s  must be i d e n t i -  
f i e d ,  and t h e i r  i n t e r f a c e  requ i rements  must be d e f i n e d  and ana lyzed  t o  d e r i v e  t h a t  
s e t  of s t a n d a r d s .  
To be of maximum b e n e f i t  t o  t h e  program, t h e s e  s t a n d a r d s  must be ready i n  t ime t o  be 
a p p l i e d  t o  t h e  work t h a t  h a s  a l r e a d y  begun on common and government f u r n i s h e d  suppor t  
sys tems and environments .  These sys tems and environments  w i l l  n o t  on ly  have t h e F r  
own u s e r  i n t e r f a c e s ,  they  w i l l  a l s o  suppor t  t h e  development of s o f t w a r e ,  t o o l s ,  and 
systems having s t i l l  more u s e r  i n t e r f a c e s .  It is t h e r e f o r e  i m p e r a t i v e  t h a t  u s e r s  and 
u s e r  i n t e r f a c e  requ i rements  be i d e n t i f i e d  as soon a s  p o s s i b l e .  
Rapid p r o t o t y p i n g  would probably  be t h e  most v i a b l e  method l e a d i n g  t o  t h e  d e f i n i t i o n  
of i n t e r f a c e  requ i rements  and t h e  d e r i v a t i o n  of s t a n d a r d s ,  
S i n c e  Space S t a t i o n  s o f t w a r e  w i l l  evo lve  over  30 y e a r s ,  NASA should  trac 'k language 
technology and a c t  a p p r o p r i a t e l y ,  
Rat i o n a l e  : 
T h i r t y  y e a r s  is  an unprecedented l i f e t i m e  f o r  s o f t w a r e .  No p r o j e c t  of such d u r a t i o n  
should i g n o r e  t h e  advance of r e l e v a n t  technology.  Developments i n  s o f t w a r e  tech-  
nology over  t h e  p a s t  t h i r t y  y e a r s  -- e s p e c i a l l y  t h o s e  of t h e  p a s t  decade -- presage  
even g r e a t e r  changes d u r i n g  t h e  next  t h i r t y .  
Some phases  of t h e  s o f t w a r e  l i f e  c y c l e  do n o t  have good language suppor t  a t  t h i s  
t ime.  The requ i rements  d e f i n i t i o n  phase is a c a s e  i n  p o i n t ;  shou ld  b e t t e r  language 
suppor t  emerge f o r  requirements  d e f i n i t i o n ,  NASA and t h e  Space S t a t i o n  p r o j e c t  would 
s u r e l y  b e n e f i t  Erom it. S i m i l a r  r eason ing  a p p l i e s  t o  a s p e c t s  of s o f t w a r e  o u t s i d e  the 
t r a d i t i o n a l  l i f e  c y c l e ,  such  as p r o t o t y p i n g .  
On t h e  o t h e r  hand, o b s t r a c t i o n  and i n f o r m a t i o n  h i d i n g  w i l l  i n  any even t  con t inue  to 
be fundamental  p r i n c i p l e s  f o r  s t r u c t u r i n g  s o f t w a r e .  Th is  g e n e r a l i t y  i s  i m p o r t a n t ,  
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because i t  suppor t s  t h e  decomposition of a sof tware engineer ing  problem i n t o  sub- 
problems t h a t  can be implemented independent ly ,  each i n  t h e  most app rop r i a t e  lan-  
guage, For  i n s t a n c e ,  it  should even tua l ly  be a s t r a igh t fo rward  mat te r  t o  implement 
an Ada package spec iE ica t ion  a s  a program i n  a f i f t h -gene ra t i on  a r t i f i c i a l  i n t e l l i g -  
ence language, This  s o r t  of f l e x i b i l i t y  should a l s o  be a goa l  of t h i s  SDE, 
Languages evolve t o  support  sof tware  technology and consequently s e rve  a s  i n d i c a t o r s  
of t he  s t a c e  of t h a t  technology. NASA needs t o  t r a c k  a l l  sof tware technology; t rack-  
i n g  language technology is  an important subse t  of such a c t i v i t y .  
SOFTWARE STANDARDS PANEL SLJMMARY 
The unique and chal lenging na ture  of the  Space S t a t i o n  Program r e q u i r e s  t h a t  sof tware  
s tandards  be e f f e c t i v e l y  used t o  con t ro l  c o s t s ,  f a c i l i t a t e  enhancements and ensure 
s a f e t y .  The Software Standards Panel i d e n t i f i e d  and developed recommendations i n  
fou r  a r e a s  t o  he lp  t h e  Space S t a t i o n  Program achieve these  ob jec t ives .  The a r e a s  i n  
which recommendations a r e  o f f e red  a r e  pol icy ,  o rganiza t ion ,  process  and candida te  
sof tware s tandards  f o r  t he  Space S t a t i o n  Program. The consensus process  employed by 
the  panel involved: 
A. I n i t i a l  survey of gene ra l  sof tware s tandards  i s s u e s .  
B. Analysis of t he  s p e c i f i c  sof tware s tandards  i s s u e s  s t a t e d  i n  re ference  1. 
C. Restatement of i s s u e s  and d i scuss ion  i n  open panel sess ion .  
D. cot is iderat ion of a l t e r n a t e  recommendations. 
E. Development, p re sen ta t ion  and d iscuss ion  of s p e c i f i c  recommendations i n  open 
panel sess ion .  
A l is t  of t he  recommendations a r r i v e d  a t  i n  t he  above manner is given i n  t h e  Eollow- 
ing sec t ion .  The panel d id  not a t tempt  t o  recommend t h e  s e l e c t i o n  of s p e c i f i c  s o f t -  
ware s tandards ,  but d id  recommend t h a t  NASA move a t  once t o  a c t  on t h e  s e l e c t i o n  of 
s tandards  i n  s p e c i f i c  a r eas .  A minor i ty  of the  s tandards  panel ,  a s  we l l  a s  l a r g e  
number of audience p a r t i c i p a n t s ,  took the  p o s i t i o n  t h a t  cu r r en t  sof tware s tandards  
have grown i n t o  a r e a s  t h a t  a r e  not cons i s t en t  with the  t r a d i t i o n a l  concept of s tan-  
dards.  I n  o the r  words, t h e  cu r r en t  d e f i n i t i o n  (usage and implementation) has  been 
bent f a r  beyond a  u se fu l  d e f i n i t i o n  of "s tandards".  A c r i t i c a l  re-examination of 
s tandards ,  a t  t h i s  t ime, would be i n  order .  
RECOMMENDAT IONS 
The Software Standards Panel recommends t h a t  t h e  Space S t a t i o n  Program Off ice  t a k e  
t h e  fol lowing ac t ions :  
1. E s t a b l i s h  a  Program pol icy  support ing software s tandards .  
2. Es t ab l i sh  an o rgan iza t iona l  s t r u c t u r e  t o  support sof tware s tandards  a t  each l e v e l  
w i th in  t h e  Space S t a t i o n  Program. 
3 .  Cap i t a l i ze  on e x i s t i n g  software s t a n d a r d s . t o  meet Program requirements.  
4. E s t a b l i s h  software s tandards  e a r l y  i n  spec iEic  candidate  a r e a s .  
NASA Space S t a t i o n  Software 
s t a n d a r d s  I s s u e s  
George D. T ice ,  Jr .  
Tek t ron ix ,  I n c .  
P  .O. Box 4600 (M/S 92-525) 
Beaverton,  Oregon 37075 
(503) 629-1310 
The s e l e c t i o n  and a p p l i c a t i o n  of  s o f t w a r e  s t a n d a r d s  
p r e s e n t  t h e  NASA Space S t a t i o n  Program w i t h  t h e  opportuniPy 
t o  s e r v e  a s  a  p a c e s e t t e r  f o r  t h e  Uni ted  S t a t e s  s o f t w a r e  i n  
t h e  a r e a  of  s o f t w a r e  s t a n d a r d s .  Th i s  p r e s e n t a t i o n  summerizes 
and d i s c u s s e s  t h e  s t r e n g t h s  and weaknesses o f  each  of  t h e  
NASA d e f i n e d  s o f t w a r e  s t a n d a r d s  i s s u e s :  
- Need f o r  Common Sof tware  Terminology 
- P r o j e c t  D i r e c t i v e s  
- Sof tware  Technology 
- Sof tware  P o r t a b i l i t y  
- Languages 
- Documentation 
Severa l  a d d i t i o n a l  s i g n i f i c a n t  s t a n d a r d s  i s s u e s  a r e  o f f e r e d  
f o r  NASA c o n s i d e r a t i o n  : 
- Value of  S tandards  
- P o t e n t i a l  Leverage from Other  S tandard  E f f o r t s  
The p r e s e n t a t i o n  concludes  wi th  a  c h a l l e n g e  f o r  t h e  NASA 
Space S t a t i o n  Program t o  s e r v e  a s  a  p a c e s e t t e r  f o r  t h e  U.S. 
Sof tware  I n d u s t r y  th rough :  
- Management commitment t o  s o f t w a r e  s t a n d a r d s  
- O v e r a l l  program p a r t i c i p a t i o n  i n  s o f t w a r e  s t a n d a r d s  
- Employment of  t h e  b e s t  a v a i l a b l e  technology t o  
s u p p o r t  s o f t w a r e  s t a n d a r d s  
Design Automation Grou 
lEEE Standards Board 
Summary of NASA-defined issue(s) 
Strengths/weaknesses/disagreements 
with issue(s) and proposed soIution(s) 
Relevance of issue(s) to current R&D 
efforts and their potential application 
Issue: Need for  Common 
Software Terminoloay 
Does the existing space station lexicon 
- 
cover software? 
Is the coverage adequate? 
Should there be special software 
lexicon? . .- - -  - 
Who should be responsible for a 
*I . ' I  
I : ''.software lexicon? 
Issue: Proiect ~ i k c t i v e s  
What is the minimum set of software 
project practices/standards? - 8 "  . L .: . - .-.. 8 
ssue: Software Techno 
S software techno 
- software engineering and pract:ices 
- standards for portabi 
- programming anguage 
- whether to impose an instruction 
set architecture 
- data driven vs. data embedded 
software 
What criteria shou d be used for 
ogy changeover? 
How can we make techno ogy change 
transparent? 
How do we keep current in techno 
ssue: So ware Par 
Languages for software deve opment? 
Issue: Documentation 
I An--- -1-I 
What is the critical, minimal set of 
documentation and what level of'. 
?aetail should be specified? 
Do the critical set of documents and 
level of detail vary with software 
category? - .  
- = 
What acceptance criteria are needed? 
Additional Significant ~ f a n d a r d s  
Issues for  
NASA 
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ssue: Potentia Leveraae f r om  
- 
Other Standard Efforts 
Department of Defense 
European Space Agency 
IEEE Software Engineering Standards 
NASA 
Space Stat ion Program 
and 
Opportunity 
Serve as  a Pacesetter f o r  the 
U.S. Software ndustrv 
Management commitment to  
software standards 
Overall program participation in software 
standards 
Employment of the best avai 
technology to  support software standards 
DISCUSSION OF RECOMMENDATIONS 
1. NASA Space Station management should establish policy supporting software 
standards which: 
r .h-. e n  m k -  rlcal- ,  ~s.~\,?.bq-. A. States top level (levels A & B) endorsement and commitment. 
. I  .I 
B. Defines implementation and enforcement authority and mechanisw. 
- 
f k  '1 
C. Provides methodology for software standards training and encourages its use. 
D. Provides an overview (audit) program to measure effectivity and encourage 
adherence to software standards. 
E. Encourage technology infusion/insertion. 
To be effective, standards must have top management's unconditional support and that 
support must be visible at all levels of activity. Unless the purpose of each 
standard is understood and the methodology for selecting, implementing and enforcing 
standards is known to be rational, they will be viewed with suspicion. It is 
necessary to continuously maintain the currency of software standards to ensure their 
utility, and thereby their continued use. 
2. The NASA Space Station Program should establish a structure to develop and support 
software standards having the following characteristics: 
A. Level A management authorizes the structure to support software standards. 
B. A Space Station Software Standards Organization at level B with responsibility 
for promulgating, maintaining and enforcing software standards. 
C. A Software Standards Advisory Committee with level C representation to advise 
the Software Standards Organization on the need, feasibility and acceptance of 
proposed changes to software standards. 
The mechanism for supporting software standards must be structured such that issues 
can be resolved at the appropriate levels. It must remain in constant touch with the 
user community to understand their requirements for and problems with software 
standards. It must be flexible enough to act quickly when change is needed and 
strong enough to resist change when that change will weaken the overall system of 
standards. 
3. The NASA Space Station Program should proceed to acquire standards as follows: 
A. Establish a need for software standards based on Space Station system/software 
requirements. 
- -  . .  
B. Establish a standard for standards to promote understandability and improve 
communication. 
C. Establish a priority for source selection of standards (international, ESA, 
industry, NASA, contractor, etc) that supports both the objectives and needs of 
the Program and organizations involved in it. 
D. Review existing software standards in light of requirements and p~iorities. 
E. Select and tailor from existing standards when possible and develop new 
standards as a last resort. 
F. Implement new standards on a trial basis with specific criteria for rejection 
and full implementation. 
As with any system, it is critical that the most essential elements of the Space 
Station software standards system be identified early so that they may be brought 
into being in the proper sequence. This will enable the needed standards to be 
available at the appropriate time and avoid a bottom-up muddle of incompatibility. 
4. The NASA Space Station Program should immediately act to satisfy its needs for 
software standards in the following areas: 
A. Common Software Terminology (Lexicon) 
B. Software Engineering Methodology and Practices 
o Software Management 
o Software Acquisition 
o Software Development 
o Coding 
o Documentation 
o Measurement and Data Collection 
C. Languages 
D. Instruction Set Architecture 
E. Networks 
F. Operating Systems 
G. Applications (e.g. DBMS) 
H. Security 
These candidate areas represent the fundamental variables that must be managed and 
controlled through standardization to provide for a cost-effective software 
acquisition and support activity . 

CONCLUSIONS 
Resul t s  of the  panel d e l i b e r a t i o n s  were summarized at the  c lose  of the  forum. Sub- 
sequent ly ,  t h e  panel members c a r e f u l l y  documented t h e i r  f i nd ings  and these contr ibu-  
t i o n s  a r e  included i n  t h i s  publ ica t ion .  The panels i d e n t i f i e d  many i s s u e s  and pro- 
vided recommended ac t ions  f o r  NASA t o  consider .  These a r e  now under study by members 
oE the  Space S t a t i o n  Program. 
It is  noteworthy t h a t  t he  recommendations from the  panels  a r e  p r a c t i c a l  and workable, 
r a t h e r  than academic long-range f o r e c a s t s  (e.g., go with Ada, i d e n t i f y  a mandatory 
SDE, begin with Unix). 
Although each panel operated independently,  e s t a b l i s h i n g  i ts own format and leading  
i ts  open forum discuss ions ,  t he re  were seve ra l  common themes t h a t  emerged, a s  noted 
by r ep resen ta t ives  of the  Software Working Group who a t tended  each of the panel open 
se s s ions .  Some of t he  common t o p i c s  mentioned by more than one panel were a s  
fol lows.  
- Many i s s u e s ,  e s p e c i a l l y  i n  t he  management and s tandards  a r e a s ,  apply t o  systems 
r a t h e r  than j u s t  t o  sof tware.  Software should be developed and managed a s  an 
i n t e g r a l  pa r t  of a systems l e v e l  s t r a t e g y .  
- Incremental development methodology should be p rac t i ced .  
- I n t e r f a c e s  between software components and between hardware and software should 
be i d e n t i f i e d  e a r l y  and then managed. 
- Technology evolu t ion  must be accommodated over t he  Space S t a t i o n  l i f e t i m e .  
- Se lec t ion  of computer hardware should not be a l i m i t i n g  f a c t o r  on the  softGare.  
- NASA has much experience with l a r g e  software p r o j e c t s  and should use the lessons  
learned from the  pas t  i n  t h i s  development. Also, p rovis ion  should be made t o  
capture  lessons  learned during the  development and opera t ion  of t he  Space S t a t i o n  
f o r  the  b e n e f i t  of f u t u r e  p r o j e c t s  and the  continued evolu t ion  and growth of t he  
Space S t a t i o n  i t s e l f .  
- Focus on maintenance, plan f o r  it from the  beginning. 
- Begin t r a i n i n g  i n  sof tware a r e a s  e a r l y  (e.g., Ada programming, SDE use,  sof tware  
management procedures).  
Some common concerns were a l s o  expressed during the  var ious  open se s s ions  
- Schedule c o n s t r a i n t s  i n d i c a t e  t he re  is  very l i t t l e  time f o r  good "front-end" 
work. 
- Many software terms a r e  sub jec t  t o  i nd iv idua l  i n t e r p r e t a t i o n  and should be 
s p e c i f i c a l l y  def ined ,  such a s  rap id  prototyping,  incremental  development, u s e r s ,  
languages and t o o l s ,  r i s k  management, l i f e  cyc le ,  use of Ada, t r a i n i n g .  (Note 
t h a t  t h e  proposed Space S t a t i o n  Software Lexicon w i l l  address  t h i s  concern.) 
- A p o t e n t i a l  i ncompa t ib i l i t y  e x i s t s  between "design-to-cost" and " l i f e  cycle  
cos t ing" ,  s i n c e  i t  may not be poss ib le  t o  s imultaneously optimize front-end and 
back-end c o s t s  . 
, 
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SOFTWARE MANAGEMENT PANEL CONCLUSIONS 
The Software Management Panel  a g r e e s  w i t h  NASA's assessment  of t h e  c r i t i c a l  import-  
ance of s o f t w a r e  t o  t h e  s u c c e s s  of t h e  Space S t a t i o n  Program. Th is  is  exempl i f i ed  by 
t h e  implementat ion of NASA-wide s o f t w a r e  cogn izan t  o r g a n i z a t i o n s  and suppor t  func- 
t i o n s .  The e a r l y  p roduc t ion  and s u b s t a n t i a l  c o n t e n t  of t h e  d r a f t  Level A/B Sof tware  
Management PZan a r e  i n d i c a t i v e  of t h e  a b i l i t y  and v i a b i l i t y  of t h e  s o f t w a r e  organiza-  
t i o n ,  These a r e  good beginnings .  
The panel  members have reviewed and d e l i b e r a t e d  on t h e  Space S t a t i o n  Software I s s u e s  
Report and t h e  Software Management Plan.  The r e s u l t a n t  views were merged wi th  t h e  
p e r c e p t i o n s  of i n d u s t r y  and NASA i n v i t e d  r e p r e s e n t a t i v e s  i n  open forum t o  produce a 
s u b s t a n t i a l  and well-founded s e t  of recommendations. These recommendations w i l l  
F a c i l i t a t e  Eur ther  p r o g r e s s  toward a meaningful ,  o p e r a t i v e  Software Management P lan .  
Given NASA's commitment t o  so f tware  e x c e l l e n c e  and t h e  unique t e c h n i c a l  c h a l l e n g e s  
of Space S t a t i o n ,  t h e  fo l lowing  conc lus ions  a r e  c l e a r  t o  t h e  pane l .  
1. The necessa ry  t a s k s  and r e s p o n s i b i l i t i e s  e n v i s i o n e d  f o r  t h e  Level A and B s o f t -  
ware management o r g a n i z a t i o n s  f a r  exceed t h e i r  c u r r e n t  and p r o j e c t e d  r e s o u r c e s  
and authlor i ty .  Th i s  is p a r t i . c u l a r l y  t h e  c a s e  at Level A. Reso lu t ion  of t h i s  
s i t u a t i o n  is  fundamental  t o  t h e  s u c c e s s  of t h e  Space S t a t i o n  Program. 
2 ,  NASA needs t o  expand i t s  e x c e l l e n c e  from in-house e n g i n e e r i n g  t o  t h e  arms-length 
a c q u i s i t i o n  of so f tware  i n  many c a t e g o r i e s  t o  o p e r a t e  t o g e t h e r  i n  a ve ry  l a r g e  
system. 
3. The f o c u s  of so f tware  management and a c q u i s i t i o n  shou ld  s h i f t  t o  maintenance/  
s u s t a i n i n g  e n g i n e e r i n g  i n  o r d e r  t o  minimize l i f e  c y c l e  c o s t s .  
4 .  Management procedures  f o r  i n t e r a c t i o n  w i t h  non-Space S t a t i o n  s e r v i c e s  and u s e r s  
should  be p r o p e r l y  de f ined .  
5 ,  The scope of t h e  top  l e v e l  s o f t w a r e  e n g i n e e r i n g  and i n t e g r a t i o n  of Space S t a t i o n  
sof tware  shou ld  be a s s e s s e d  and addressed .  
6 ,  The Software Management P l a n  should be r e s t r u c t u r e d  t o  recognize  t h e  f o r e g o i n g  
needs.  
SOFTWARE DEVELOPMENT ENVIRONMENT PANEL CONCLUSIONS 
The concept of a uniform SDE f u r n i s h e d  and mandated by NASA, t o  a d d r e s s  t h e  c r i t i c a l  
l i f e  c y c l e  c o s t  and i n t e g r a t i o n  i s s u e s  of Space S t a t i o n  s o f t w a r e ,  i s  s t r o n g l y  en- 
dorsed.  R i s k s ,  such a s  s c h e d u l e ,  t e c h n o l o g i c a l  obso lescence ,  and c o n t r a c t o r  incom- 
p a t i b i l i t i e s ,  can be m i t i g a t e d  by an  inc rementa l  a c q u i s i t i o n  s t r a t e g y ,  t h e  use  of 
l a y e r e d  a r c h i t e c t u r e s  t o  a s s u r e  t e c h n o l o g i c a l  t r a n s p a r e n c y ,  and an  o p e r a t i o n a l  con- 
c e p t  which p rov ides  f o r  c o n t r a c t o r  o p t i o n s  t o  use  t h e i r  own SDEs, as long  as t h e  
d e l i v e r e d  sof tware  is  s u p p o r t a b l e  by t h e  NASA SDE. Th is  o p e r a t i o n a l  concept shou ld  
be developed soon and shou ld  a d d r e s s  u s e r  requ i rements  and l i f e  c y c i e  s c e n a r i o s  based 
on i n p u t s  from u s e r s ,  Phase B c o n t r a c t o r s ,  and s i m i l a r  DoD e f f o r t s  ( e .g , ,  t h e  JSSEE 
O p e r a t i o n a l  Concept Document), 
The SDE should focus  on p roduc t s  ( such  as s p e c i f i c a t i o n s ,  des ign /code  r e p r e s e n t a -  
t i o n s ,  e t c , )  r a t h e r  t h a n  s p e c i f i c  methodologies ,  and shou ld  encourage t h e  r e u s e  of 
p r e v i o u s l y  developed s o f t w a r e  i n  o r d e r  t o  save c o s t s .  
The a r c h i t e c t u r e  of t h e  SDE should be modular ized and l a y e r e d  t o  a l l o w  f o r  tech- 
n o l o g i c a l  e v o l u t i o n  at d i s t i n c t  l e v e l s .  The o p e r a t i n g  system shou ld  be vendor and 
dev ice  independent  i n s o f a r  as p o s s i b l e .  Unix appears  t o  be t h e  o n l y  c a n d i d a t e  t h a t  
meets t h e s e  c r i t e r i a ,  and shou ld  be cons idered  as t h e  i n i t i a l  b a s i s  f o r  t h e  o p e r a t i n g  
system. 
The SDE shoul-d he Eurnished as a p o r t a b l e  s o f t w a r e  package ( s o  t h a t  changes i n  hard- 
ware do no t  a f f e c t  s o f t w a r e  f u n c t i o n a l i t y )  and shou ld  c o n s i s t  of a s u b s e t a b l e  s e t  of 
t o o l s  eng ineered  w i t h  uniform i n t e r f a c e s  p rov id ing  t h e  c a p a b i l i t y  t o  customize t o  
s p e c i f i c  u s e r  requ i rements  by a p p l i c a t i o n  (e.g. ,  f l i g h t  o r  ground s o f t w a r e  develop- 
ment, a n a l y s i s ,  management, s i m u l a t i o n ) ,  by t y p e  of u s e r  (e.g. ,  e x p e r t / n o v i c e ,  
s p e c i a l i s t / g e n e r a l i s t ) ,  o r  by t y p e  of equipment (e.g., mainframe, min i ,  o r  work s t a -  
t i o n .  A  major o b j e c t i v e  is t o  maximize commonality of wide ly  used f u n c t i o n s .  The 
SDE should  a u t o m a t i c a l l y  c o l l e c t  d a t a  t h a t  c h a r a c t e r i z e  i t s  u s e ,  and t h e s e  d a t a  can 
be used as t h e  b a s i s  f o r  improvement and e x t e n s i o n  of t h e  SDE. 
LANGUAGES PANEL CONCLUSIONS 
The s e l e c t i o n  and s t a n d a r d i z a t i o n  of languages  and i n t e r f a c e s  f o r  t h e  Space S t a t i o n  
program a r e  c r i t i c a l  needs t o  i n s u r e  t h e  s u c c e s s  of t h i s  predominate ly  e n g i n e e r i n g  
a c t i v i t y .  While t h e  Language Pane l  r e c o g n i z e s  t h a t  t h e  p r o j e c t  l i f e  c y c l e  w i l l  re-  
q u i r e  a fami ly  of languages  f o r  t h e  v a r i o u s  c l a s s e s  of u s e r s  and d e v e l o p e r s ,  it i s  
c r u c i a l  t o  beg in  making d e c i s i o n s  which w i l l  focus  p lann ing  e f f o r t s  by l i m i t i n g  t h e  
range of p o s s i b l e  s e l e c t i o n s .  Requirements f o r  t h e  Space S t a t i o n  in for raa t ion  sys tem 
long-term maintenance and e v o l u t i o n  w i l l  mandate t h a t  a high-order  development lan-  
guage be u t i l i z e d .  It is  recommended t h a t  t h e  primary high-ord3r language f o r  s o u r c e  
code development be Ada. I s s u e s  r e l a t e d  t o  t h e  u t i l i z a t i o n  of Ada should be addres-  
sed  a s  soon as p o s s i b l e .  These i n c l u d e  developing a  t r a n s i t i o n  s t r a t e g y ,  p r o v i d i n g  
e d u c a t i o n ,  accommodating t h e  u t i l i z a t i o n  of so f tware  a l r e a d y  i n  e x i s t e n c e ,  and de- 
ve lop ing  f a l l - b a c k  o p t i o n s  f o r  h i g h  r i s k  a r e a s .  One h i g h - r i s k  a r e a  is  s a t i s f y i n g  t h e  
requ i rements  f o r  run-time suppor t  f o r  t a r g e t  sys tems ,  e s p e c i a l l y  when t h e  t a r g e t s  a r e  
d i s t r i b u t e d .  Requirements f o r  d e s i g n  s p e c i f i c a t i o n  languages  o r  i n t e r f a c e s  t h a t  com- 
plement Ada shou ld  be determined.  
A d d i t i o n a l  c o n c l u s i o n s  a r e  t h a t  t h e  premature commitment t o  hardware implementat ion 
d e c i s i o n s  shou ld  be avoided,  and t h a t  t h e  c r i t i c a l  need is  t o  develop t h e  sys tem and 
s o f t w a r e  a r c h i t e c t u r e s  f o r  Space S t a t i o n .  
SOFTWARE STANDARDS PANEL CONCLUSIONS 
Standards  a r e  one of s e v e r a l  e lements  t h a t  provide a common "backbone" f o r  a l l  s o f t -  
ware a s p e c t s  of t h e  Space S t a t i o n  Program. The o p e r a t i o n a l  S t a t i o n  w i l l  e v e n t u a l l y  
i n f l u e n c e  NASA's e n t i r e  f u t u r e  space a c t i v i t i e s .  Because of t h i s  broad a r e a  of im-  
p a c t ,  t h e  importance of s o f t w a r e  s t a n d a r d i z a t i o n  f o r  t h e  Space S t a t i o n  Program must 
n o t  be underes t imated .  
T h i s  forum has  r e s u l t e d  i n  recommendations t h a t  encompass t h e  major a s p e c t s  o f  t h e  
needed s o f t w a r e  s t a n d a r d s  program. The procedure f o r  a r r i v i n g  at  t h e s e  recommenda- 
t i o n s  ensured  t h a t  NASA r e c e i v e d  t h e  b e s t  p o s s i b l e  a d v i c e  a v a i l a b l e  i n  t h e  a r e a  of 
so f tware  s t a n d a r d s .  Due t o  t h e  f a r s i g h t e d n e s s  of t h e  Space S t a t i o n  Software Working 
Group, there is adequate, but not excessive, time available to implement the Stan-,, 
dards Panel's recommendations. 
A unique situation and opportunity has been created. The Space Station Program hds 
received needed advice from experts at a key point in the Program on a critical 
subject. That subject happens to be software standards, an area of technology that 
has been stalled for too long a period. NASA is in a position not only to establish 
an outstanding software standards program for the Space Station, but to provide the 
software industry with a much needed innovative model in this area. NASA should move 
at once to act on the recommendations provided. 
Additional standards issues should be addressed including the distributed network 
operating system, graphics (Core vs. GKS), standards for device independence (VDI, 
VDM for storing graphics, IGES or NAPLPS for transmission), program/operat ing system 
standard interface, self-documenting data record format, and OSI communications pro- 
tocol standards. 
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